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STUDIES  OF  OCULAR  BEHAVIOR  IN  MUSIC  READING 

I.  A  Survey  of  Visual  Processes  in  Reading  Differently 
Constructed  Musical  Selections1 


H.  E.  WEAVER 

Department  of  Psychology,   Oberlin   College 


introduction 

Many  different  authors  have  pub- 
lished discussions  of  the  general 
nature  of  music  reading  and  the  prob- 
lems involved  in  the  development  of 
skillful  sight  reading.  Some  writers  have 
presented  methods  which  they  believe 
should  be  used  in  developing  the  most 
efficient  reading  habits  (7,  25,  41),  and 
others  have  presented  more  or  less  de- 
tailed analyses  of  the  reading  process  as 
it  seems  to  them  to  be  constituted  (13, 
22,  33).  Where  authors  have  attempted 
to  analyze  music  reading  as  a  psychologi- 
cal process,  the  influence  upon  their  writ- 
ing of  general  psychological  theories  (12, 
14),  of  the  popular  physiology  of  the 
nervous  system  and  receptors  (12,  14),  or 
of  experimental  studies  of  other  kinds  of 
reading  (15,  26,  35),  is  clearly  apparent. 
Such  applications  of  general  principles 
are  often  useful.  However,  music  reading 
is  an  exceedingly  complex  process;  it  is 
in  many  respects  different  from  other 
skills;  and  many  phases  of  the  perform- 
ance cannot  be  studied  adequately  by 
means  of  unaided  observation.  Experi- 
mental techniques  which  may  be  used  in 
studying  some  of  the  details  of  the  proc- 
ess are  available  but  little  experimental 
research  has  been  reported  in  this  field. 

1  This  paper  is  a  revision  of  one  part  of  a  doc- 
tor's dissertation  submitted  to  the  Department 
of  Psychology  and  the  Committee  on  Graduate 
Study  of  Stanford  University.  Supervision  of  the 
study  by  Professor  Walter  R.  Miles  is  acknowl- 
edged with  gratitude. 


The  photographic  method  of  record- 
ing ocular  behavior  has  been  used  suc- 
cessfully in  many  studies  of  different 
kinds  of  reading.  The  belief  that  this 
method  should  prove  very  useful  in  an- 
alyzing music  reading  experimentally  led 
to  efforts  to  adapt  the  method  to  the 
special  conditions  involved  in  the  read- 
ing of  music.  The  experimental  applica- 
tion of  the  method  has  been  limited  to 
the  study  of  sight  reading  of  piano  music. 

The  study  has  been  divided  into  two 
parts.  The  first  part  is  a  survey  of  the 
general  aspects  of  the  problem  from  the 
standpoint  of  the  visual  perceiving  func- 
tions involved.  This  is  based  upon  a 
consideration  of  the  available  evidence 
from  studies  of  reading  which  seems  rele- 
vant to  a  study  of  music  reading,  the  na- 
ture of  musical  notion  and  the  various 
components  of  a  musical  composition 
which  must  be  read,  the  similarities  and 
differences  between  music  reading  and 
other  kinds  of  reading,  etc.  The  second 
part  presents  the  method  used  and  the 
results  obtained  in  a  preliminary  experi- 
mental analysis  of  some  aspects  of  music 
reading  by  means  of  the  photographic 
eye-movement  technique.  While  musi- 
cians were  reading  different  musical  se- 
lections, records  of  the  activities  of  their 
eyes  and  hands  were  made  by  means  of 
which  the  number  and  durations  of  read- 
ing pauses,  the  sequential  placement  of 
pauses,  the  eye-hand  span,  and  the  accur- 
acy of  the  manual  performance  could  be 
determined. 
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SURVEY   OF    PROBLEM 

Eye   Movements   and   the   Perceptual 
Span 

General  principles  of  visual  perceiving 
which  have  been  established  by  exten- 
sive research  may  be  assumed  to  be  ap- 
plicable to  music  reading.  Of  these  prin- 
ciples, those  pertaining  to  the  movements 
of  the  eyes  in  perceiving  printed  symbols 
and  to  the  extent  of  the  perceptual  span 
are  especially  significant. 

In  all  reading,  the  eyes  move  by  a  suc- 
cession of  rapid  jerks  during  which  there 
is  no  clear  vision.  The  apprehension  of 
the  material  to  be  read  occurs  only  dur- 
ing the  pauses  between  jerks.  In  the 
reading  of  words,  the  pauses  constitute 
about  94  per  cent  of  the  reading  time 
(36).  The  shortest  pauses  found  in  the 
reading  of  words  usually  have  a  dura- 
tion of  about  .10  sec.  (pauses  of  .06  to 
.08  sec.  sometimes  occur).  Pause  dura- 
tions of  4  sec.  and  longer  have  been  re- 
ported by  Buswell  in  a  study  of  eye 
movements  in  adding  numbers  (4). 

We  may  assume  that,  in  music  reading, 
the  eyes  move  by  very  quick  jerks  be- 
tween reading  pauses  of  variable  dura- 
tions. The  movements  should  occur  in 
such  a  manner  as  to  make  possible  a  co- 
herent manual  performance. 

Experimental  studies  in  which  the 
tachistoscopic  technique  has  been  used 
have  shown  that  a  reader  apprehends 
only  a  small  number  of  symbols  at  each 
reading  pause  of  the  eyes.  Tinker  (37) 
has  summarized  a  large  number  of  tach- 
istoscopic studies  of  visual  apprehension. 
Results  reported  in  these  studies  differ 
along  with  differences  in  the  details  of 
the  experimental  techniques  used  and 
methods  of  scoring.  For  the  different  in- 
vestigators, the  number  of  unrelated  let- 
ters reproduced  after  one  visual  fixation 
varies  between  3  and  7.  Tinker  cites 
studies  which  show  that  more  letters  are 
reproduced  when  they  are  presented  in 


the  form  of  nonsense  syllables  than  when 
presented  in  unrelated  series  and  that 
approximately  as  many  unrelated  words 
as  unrelated  letters  are  reproduced.  He 
says,  "A  survey  of  these  studies  on  visual 
apprehension  indicates  clearly  that  there 
is  a  natural  tendency  to  combine  the  dif- 
ferent elements  of  a  visual  impression 
into  higher  perceptual  units  whenever 
grouping  is  possible"  (37,  p.  227).  The 
visual  span  in  reading  music  must  be 
similarly  limited  and  a  grouping  into 
"higher  perceptual  units"  may  be  ex- 
pected in  the  reading  of  chords  and  fre- 
quently used  melodic  sequences. 

In  an  experimental  study  reported  by 
Ortmann  (28),  the  size  of  the  area  within 
which  notes  can  be  perceived  clearly 
enough  to  be  reproduced  after  one  read- 
ing pause  of  the  eyes  was  determined. 
Also,  the  effects  of  different  arrangements 
of  notes  upon  the  size  of  the  area  were 
studied.  Using  cards  containing  note 
groups  on  a  five-line  staff  printed  in  the 
normal  size  (vertical  distance  approxi- 
mately 14  inch),  he  found  that  the  vis- 
ual field  embraces  a  circular  area  vary- 
ing between  14  and  1/3  inch  in  diameter. 
Concerning  factors  involved  in  the  ar- 
rangements of  the  notes  he  says,  "The 
chief  determinants  of  the  difficulty  in 
note  reading  which  does  not  involve  ac- 
tual eye  movements  are  the  number  of 
notes  in  the  field,  the  area  covered  by  the 
distribution  of  the  notes,  the  number  of 
linear  dimensions  involved,  the  com- 
plexity or  symmetry  of  the  note  pattern, 
and  finally  the  meaning  of  the  note 
group  from  either  a  harmonic  or  melo- 
dic standpoint— or  both"  (28,  p.  93).  Ort- 
mann's  results  show  that  the  visual  span 
in  note  reading  is  similar  in  size  to  the 
span  in  word  reading  and  that  "group- 
ing" is  a  factor  in  note  reading  as  well 
as  in  word  reading. 

Different  kinds  of  note  patterns  were 
presented    tachistoscopically    to    profes- 
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sional  and  non-professional  musicians  by 
Bean  (1).  The  notes  grasped  by  the  sub- 
jects were  reproduced  by  them  at  the 
keyboard.  Professional  musicians  repro- 
duced correctly  after  one  visual  fixation, 
one  to  nine  notes.  The  average  number 
of  notes  accurately  reproduced  when  the 
music  had  a  melodic  organization  was 
4.72;  when  the  notes  had  a  polyphonic 
arrangement,  it  was  4.9;  and  when  chords 
were  used,  it  was  3.59.  Non-professional 
musicians  reproduced  one  to  seven  notes. 
The  averages  for  melodic,  polyphonic 
and  chord  arrangements  were  all  lower 
than  those  for  professional  musicians 
(2.73,   2.15,  and  3.06  respectively). 

With  an  average  visual  grasp  of  only 
3  to  5  notes  per  reading  pause,  it  is  ap- 
parent that  the  music  reader  must 
achieve  a  coherent  and  unified  execution 
of  a  composition  from  a  visually  discrete 
succession  of  relatively  small  groups  of 
notes. 

Music  Reading  a  Many-sided  Process 

In  reading  a  piano  composition,  it  is 
necessary  to  identify  the  pitch  of  a  tone 
and  its  interval  relations  to  other  tones 
within  a  melodic  sequence;  the  relative 
time  value  of  each  tone  must  be  grasped 
along  with  its  position  within  the  rhyth- 
mic sequence;  the  relative  intensity  of 
each  tone  must  be  determined  as  a  part 
of  both  the  melodic  and  rhythmic  pat- 
terns; groups  of  notes  must  be  recognized 
as  chords  progressing  within  an  harmonic 
sequence;  the  melodic,  rhythmic,  dynam- 
ic, and  harmonic  units  should  be  read  as 
parts  of  systematically  organized  phrases; 
and,  throughout  the  phrase  or  many 
phrases,  the  reader  must  maintain  a  per- 
ceptual orientation  to  the  tonality  or  suc- 
cession of  related  tonalities  employed.  It 
is  possible  that  a  reader  may  be  more  or 
less  skillful  in  carrying  on  any  one  of 
these  phases  of  the  reading  process  how- 


ever complexly  fused  they  may  be  in  the 
case  of  the  trained  musician.  And,  al- 
though these  different  aspects  of  a  com- 
position are  not  independent  variables 
within  one  selection,  they  may  vary  in 
prominence  or  complexity  in  different 
compositions.  This  means,  of  course,  that 
they  do  not  lie  beyond  the  range  of  con- 
trolled experimental  study. 

In  addition  to  the  features  of  music 
just  outlined,  the  reader  must  be  able 
to  translate  into  appropriate  action  a 
very  large  number  of  special  signs  which 
are  necessary  parts  of  the  notational  sys- 
tem. "Accidentals"  may  alter  the  pitch 
of  a  tone;  time  values  of  tones  may  be 
varied  by  means  of  the  "tie,"  the  "dot," 
and  the  "fermata";  time  values  may  be 
changed,  also,  by  the  signs  which  indicate 
a  change  of  tempo,  such  as  "ritardando" 
and  "accelerando";  variations  in  dynam- 
ics accompanying  the  normal  rhythmic 
accents  are  indicated  by  many  different 
signs  such  as  "p,"  "sfz,"  "cresc."  and 
"decresc";  a  wavy  line  placed  vertically 
beside  a  chord  shows  that  the  tones  of 
the  chord  are  to  be  played  as  a  rapid 
arpeggio  rather  than  simultaneously;  the 
trill,  the  mordent,  and  the  turn  add  em- 
bellishing tone  groups  to  the  tones  rep- 
resented by  means  of  notes;  legato  and 
staccato  playing  are  indicated  by  the  slur 
and  by  dots  above  the  notes;  the  finger- 
ing is  given  in  many  compositions  and 
often  the  use  of  the  pedal  is  indicated. 
These  are  only  some  of  the  more  com- 
monly used  signs. 

All  of  these  symbols  and  their  poly- 
phasic  organization  must  be  clearly  per- 
ceived by  the  reader  in  preparation  for 
an  exact  manual  execution  of  the  sym- 
bolized forms.  The  necessity  of  produc- 
ing an  exact  tonal  embodiment  of  the 
printed  symbols  demands  a  perceptual 
process  which  seems  to  approach  the 
highest  degree  of  complexity,  speed,  and 
precision  possible  in  human  skills. 
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Tempo  and  Rhythm 

The  rhythmical  character  of  music 
along  with  the  requirement  of  a  uniform 
tempo  make  music  reading  very  signifi- 
cantly different  from  the  reading  of 
words.  It  is  true,  in  the  oral  reading  of 
words,  that  the  accentuation  of  words 
and  syllables  involves  the  use  of  rhythmic 
groups.  But  these  rhythmic  groups  are 
not  organized  about  a  regularly  recur- 
ring measure  beat  or  "takt"  as  is  the  case 
with  music.  It  is  the  regular  measure 
accent  of  a  musical  rhythm  which  dis- 
tinguishes it  from  the  rhythm  of  prose  or 
poetry.  The  tempo  of  execution  must 
always  be  considered  in  relation  to  any 
experimental  measurements  of  the  num- 
ber or  durations  of  reading  pauses. 

Of  two  readers  of  words,  who  read 
with  equal  comprehension,  the  one  who 
reads  most  rapidly,  i.e.,  with  the  smallest 
number  and  duration  of  fixations,  is  the 
more  efficient  reader.  Tempo  limitations 
restrict  the  application  of  this  principle 
to  music  reading.  The  difficulty  in  apply- 
ing the  principle  to  music  reading  may 
be  illustrated  by  statements  from  a  study 
of  eye  movements  in  music  reading  by 
Jacobsen  (17,  18).  After  presenting  data 
showing  the  number  and  durations 
of  fixations  recorded  photographically 
while  pianists  were  reading  music  at  an 
organ,  one  of  his  conclusions  is  that  "In 
reading  music  the  mature  reader  has  few 
fixation  pauses  and  these  pauses  are  of 
average  duration  or  less,"  and  "The  im- 
mature reader  has  many  fixation  pauses 
in  reading  music,  and  these  pauses  are 
of  long  duration."  One  is  convinced  by 
general  observation  that  beginners  read 
more  slowly  and,  therefore,  make  more 
and  longer  pauses  than  well  trained  musi- 
cians. But  Jacobsen  says,  also,  that  "It  is 
certain  that  most  of  the  subjects  could 
have  played  the  selections  in  less  time 
than  is  recorded,  and  also  have  had  an 


average  duration  of  fixations  of  shorter 
length."  This  means  that  the  relation  be- 
tween the  tempi  selected  by  his  subjects 
and  their  maximum  speeds  of  reading  is 
unknown.  When  this  is  true,  it  is  neces- 
sary to  recognize  the  possibility  that  a 
more  mature  reader  may  read  a  selection 
at  a  slower  tempo  than  a  less  mature 
reader  because  of  a  better  realization  that 
a  hymn  should  not  be  played  at  a  jig 
tempo. 

More  fixations  of  the  eyes  are  made  in 
oral  than  in  silent  reading  of  words  (32, 
16,  p.  101).  The  speaking  of  the  words 
retards  the  reading  process  and  allows 
the  reader  to  scan  the  page  more 
thoroughly  than  is  necessary  for  ade- 
quate comprehension.  Undoubtedly  a 
slow  tempo  in  music  reading  would  have 
a  similar  effect.  Also,  we  may  assume  that 
all  parts  of  a  musical  selection  are  not 
equally  difficult  to  read.  With  a  uniform 
tempo,  it  is  to  be  expected  that  super- 
fluous pauses  will  occur  when  the  easier 
parts  are  read  although  the  tempo  may 
not  permit  them  when  the  more  difficult 
parts  are  read.  The  problem  is  further 
complicated  by  the  fact  that  the  ap- 
propriate tempo  for  a  musical  selection 
may  be  much  slower  than  the  maximum 
tempo  at  which  the  reader  is  able  to  read 
it  and  the  playing  of  a  composition  at  an 
unconventional  tempo  is  a  violation  of 
a  cherished  principle  for  many  musicians. 
A  definite  tempo  is  specified  for  nearly 
all  compositions  and  it  seems  probable 
that  the  degree  of  difficulty  of  a  compo- 
sition which  is  read  at  its  prescribed 
tempo  is  a  more  adequate  criterion  of 
maturity  or  degree  of  skill  than  the 
tempo  or  speed  that  is  adopted  by  the 
subject  when  the  prescribed  tempo  is  not 
required. 

The  Double  Staff 

In  reading  piano  music,  two  lines  of 
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symbols  must  be  read  simultaneously. 
The  treble  and  bass  halves  of  the  great 
staff  are  sufficiently  far  apart  to  require 
vertical  movements  of  the  eyes  in  reading 
them  (34).  This  not  only  makes  the  pat- 
tern of  eye  movements  in  music  reading 
more  complex  than  in  word  reading  but 
also  makes  necessary  more  elaborate  re- 
cording apparatus. 

Several  methods  have  been  used  in  re- 
cording both  vertical  and  horizontal 
movements  of  the  eyes.  Judd  and  others 
(20)  have  used  a  kinetoscopic  method. 
The  Dodge  method  (38,  16,  pp.  83-90) 
has  been  used  with  a  lens  for  each  eye 
and  two  films  running  at  right  angles. 
B.  Clark  (6)  has  used  an  inverting  prism. 
Brandt  (2)  reports  the  use  of  two  lenses 
with  only  one  film  which  is  carried  over 
rollers  so  that  it  passes  through  the  focal 
plane  of  the  camera  in  both  the  vertical 
and  horizontal  directions.  The  "split 
beam  method"  used  in  this  study  and  des- 
cribed below  has  been  used  by  Jasper  and 
Walker  (19). 

Many    musicians    have    definite    ideas 
concerning  the  advisability  of  reading  the 
treble  or  bass  halves  of  a  composition 
first.  The  reading  of  chords  from  the  bass 
upwards  is  often  recommended.  Ortmann 
(27)  reports  that,  according  to  the  intro- 
spections of  his  subjects,  they  read  chords 
from    the    bottom   up   except    for    close 
groupings,    in    which    the    direction    of 
reading  was  not  noticed.  Jacobsen  (17) 
found  that  his  good  readers,   with  few 
exceptions,    read    chords    from    the    top 
down.   Poor  readers  read  from  note  to 
note  and  from  the  two  directions  with 
about    equal    frequency.    There    are    so 
many  conditions   that  may  play  a  part 
in  determining  the  order  in  which  read- 
ing pauses  occur  that  it  seems  improb- 
able that  reading  in  one  direction  only 
would  be  most  efficient  for  all  kinds  of 
music. 


Sequential   Placement    of  Pauses   for 
Different  Types  of  Music 

Since  the  reader  has  to  read  two  lines 
of  symbols  which  may  be  significantly 
grouped  vertically  and  horizontally;  since 
rhythmic,  melodic,  and  harmonic  se- 
quences should  be  read  as  coherent  pat- 
terns; and  since  compositions  differ  great- 
ly in  the  arrangement  of  notes  on  the 
page;  the  reader  has  a  considerable  task 
in  visually  assembling  the  different  com- 
ponents in  preparation  for  a  unified  man- 
ual performance.  It  seems  apparent  that 
the  order  in  which  the  small  segments 
of  material  grasped  at  each  reading  pause 
are  pieced  together  may  be  either  favor- 
able or  unfavorable  for  a  quick  appre- 
hension of  the  musical  whole. 

Consideration  of  the  organization  of 
eye  movements  has  not  been  neglected  by 
investigators  of  other  types  of  reading. 
Dearborn   (8)  has  pointed  out  that  his 
subjects  apparently  formed  "short-lived 
motor  habits"  of  eye  movements.  His  sub- 
jects read  successive  lines  of  words  with 
the    same    number    of    reading    pauses. 
Other  investigators  have  reported  similar 
results  and  several  men  have  emphasized 
the  importance  of  regularity  of  eye  move- 
ments   during    reading.    Regressive    eye 
movements  which  occur  when  the  reader 
progresses  from  the  end  of  one  line  to  the 
beginning  of  the  next  represent  complica- 
tions in  the  organization  of  the  ocular 
pattern  of  movements.  However,  the  or- 
ganization of  movements  or  the  sequen- 
tial placement  of  reading  pauses  appears 
to  be  a  much  more  important  aspect  of 
music  reading  than  it  is  of  word  reading. 
Considering    the    large   differences    in 
the  organization  of  musical  compositions, 
it  would  appear  that  corresponding  dif- 
ferences  should   be   found   in   the  most 
efficient  patterns  or  sequences  of  reading 
pauses    for   different    types   of   composi- 
tions. Although  it  is  practically  impos- 


H.    E.    WEAVER 


sible  to  classify  many  musical  composi- 
tions according  to  a  particular  type  of 
organization,  several  general  types  of  or- 
ganization may  be  distinguished  and  used 
in    classifying    much    of    the    available 
music.  Music  which  is  harmonic  in  organ- 
ization may  be  distinguished  from  music 
which    is    melodic    in    organization.    Of 
course,  any  melody  has  a  harmonic  struc- 
ture and  any  sequence  of  chords  will  in- 
volve  pitch   changes   which   are   charac- 
teristic of  melodic  progressions,  but  con- 
trapuntal material  in  which  each  voice 
part  retains  its  own  rhythmic  and  mel- 
odic individuality  within  the  complex  of 
tones  is  primarily  melodic  in  organiza- 
tion and  sequences  of  chords  in  which 
the  rhythmic  pattern  is  practically  the 
same  for  all  parts  are  primarily  harmonic 
in  organization.  Compositions  in  which 
a  melody  is  accompanied  by  chords  which 
supply  a  harmonic  background  constitute 
a  third  common  type  of  organization.  An 
immense  number  of  varieties  and  combi- 
nations of  these  common  forms  may  be 
found.  No  attempt  is  made  here  to  give 
a  type  classification  for  all  musical  com- 
positions.   The    types    mentioned    may 
serve    as   illustrations   of   organizational 
differences    among    compositions    which 
appear  to  be  significant  in  relation  to 
the  functions  of  the  eyes  in  reading. 

Eye -Hand  Span 

The  eye-hand  span  in  music  reading 
corresponds  to  the  eye-voice  span  in  the 
reading  of  words.  Quantz  (30)  seems  to 
have  been  the  first  to  attempt  to  measure 
the  distance  between  the  word  fixated  by 
the  eye  and  word  spoken  by  the  voice  in 
oral  reading.  He  measured  this  distance 
by  determining  the  number  of  words  that 
could  be  read  after  a  card  had  been  un- 
expectedly slipped  over  the  material 
being  read.  He  reports  that  the  span  is 
greater  at  the  beginning  of  a  line  than 


at  the  end  and  that  special  conditions, 
such  as  an  unfamiliar  word,  may  reduce 
the  span  to  zero.  Gray  (16)  used  a  similar 
method   but   obtained   a   record   of   the 
reading  by  means  of  a  dictaphone.  Bus- 
well   (3)   used   a   dictaphone   and  made 
photographic  records  of  eye  movements. 
His  recording  mechanisms  were  synchro- 
nized  so   that  corresponding   points   on 
the   two  different  records  could  be  de- 
termined. He  used  school  children  as  sub- 
jects and  reports  that  "for  all  grades  the 
good  readers  have  a  much  wider  span 
than  the  poor  readers,  .  .  ."  Also,  "One 
of  the  characteristic  features  of  the  eye- 
voice  span  is  its  variation  in  width  from 
word  to  word  through  the  selection.  The 
span  is  sometimes  very  wide  and  some- 
times narrow,  apparently  expanding  and 
contracting  to  the  demands  made  by  the 
material  read."  Butsch  (5)  used  the  pho- 
tographic method  in  a  study  of  the  eye- 
hand  span  in  typewriting.  He  found  that 
his  subjects  were  usually  looking  at  the 
next  word  ahead  of  the  one  they  were 
writing.  His  most  rapid  writers  did  not 
read  two  words  ahead  more  than  half  of 
the   time.   He  found   a  few   three  word 
phrases    that    were    read    ahead    of    the 
writing.  Fairbanks  (11)  has  reported  re- 
sults of  a  study  of  the  relation  between 
eye-movements    and    voice    in    the    oral 
reading  of  good  and  poor  silent  readers 
which  are  very  similar  to  those  obtained 
by  Buswell. 

There  is  general  agreement  among 
music  teachers  that  the  eyes  should  be 
well  ahead  of  the  hands  in  reading  but 
there  is  a  great  difference  of  opinion  con- 
cerning the  distance  that  a  reader  can 
or  should  maintain  between  the  eye  and 
hand.  Published  estimates  and  recom- 
mendations range  from  one  or  two  meas- 
ures to  a  whole  page  (25).  This  may  in- 
dicate that  individuals  differ  greatly  in 
eye-hand  span  or  it  may  be  evidence  that 


OCULAR    BEHAVIOR    IN    MUSIC    READING 


unaided  observation  is  not  adequate  to 
achieve  reliable  estimates. 

Comprehension  and  Performance  in 
Music  Reading 

Some  of  the  difficulties  in  measuring 
comprehension  in  word  reading  have 
been  discussed  by  Tinker  (39).  However 
great  the  difficulties,  it  seems  evident  that 
the  significance  of  eye  movement  records 
of  reading  is  severely  limited  if  no  evi- 
dence of  the  degree  of  comprehension  of 
the  reader  is  obtained. 

To  the  extent  that  comprehension  is 
expressed  in  the  manual  performance  of 
music  reading,  this  aspect  of  the  process 
is  readily  measurable.  Many  views  of  the 
nature    of    the    meaningful    content    of 
music  have  been  expressed  but  the  con- 
tention that  form  is  essential  and  funda- 
mental has  been  very  persistent.  Pratt  has 
said,  "It  is  worthy  of  note  that  in  a  sub- 
ject  like   aesthetics,   where   opinion   far 
outruns  fact,  there  is  to  be  found  at  least 
one    principle    upon    which    all    writers 
agree,  no  matter  whether  their  tempera- 
ment inclines  them  in  the  direction  of  the 
far-flung  speculations  of  Plato  or  the  min- 
ute experimental  researches  of  Fechner. 
The  importance  of  form  in  general  may 
be  variously  estimated.  Never  is  it  treat- 
ed,   however,    as    completely    irrelevant, 
and  its  most  striking  and  frequent  mode 
of  appearance  is  unfailingly  seen  to  be 
by  way  of  unity  in  variety,  harmony,  co- 
herence, proportion,  symmetry,  the  sub- 
tler   balance    of    asymmetrical    distribu- 
tions,   consonance,    organic    continuity, 
concordant  relation  of  parts,  homogene- 
ity—the  terminology   is   not   always    the 
same,   but   the  underlying  principle  re- 
mains largely  unaltered"  (29,  p.  79). 

Pratt  says,  also,  that  "To  the  extent, 
therefore,  to  which  form  plays  a  role  in 
the  aesthetic  experience  it  can  be  dem- 
onstrated that  that  portion  of  the  experi- 


ence (plus  all  the  sensuous  content)  de- 
pends largely  upon  what  the  artist  has 
done  with  his  materials  rather  than  upon 
the  imaginative  and  associative  supple- 
mentation of  the  person  who  beholds  his 
work.  The  value  of  the  experience  has  its 
permanent  residence  in  the  work  of  art 
itself,    and    although    the    experiential 
correlate  of  this  work  is  subject  to  no 
little  variation,   its   stability   and   likeli- 
hood of  recurrence  are  far,   far  greater 
than  can  possibly  be  the  case  with  those 
experiences  richly  filled  out  with  associ- 
ated and  extraneous  meanings  and  imag- 
inings" (29,  pp.  89-90).  This  formal  char- 
acter of  music  makes  it  generally  different 
from  our  verbal  language.  The  printed 
symbols  of  a  musical  composition  repre- 
sent a  complex  melodic,  rhythmic,  har- 
monic and  dynamic  organization  which 
is  embodied  in  the  manual  execution  of 
the  composition.  The  executed  tones  of 
music  constitute  the  melodic,  rhythmic, 
harmonic  and  dynamic  form  symbolized 
by  the  printed  score.  The  spoken  word, 
in  oral  reading,  is  as  much  a  symbol  as 
the  printed  word  and  is  not  an  embodi- 
ment of  the  thing,  process,  or  relation 
symbolized  (excepting,  of  course,  the  ex- 
clamation, emotional  cry,   and  modern- 
istic nonsensical  verse). 

It  seems  evident,  as  Pratt  has  said,  that 
"There  is  nothing  in  the  wide  world  that 
a  musical  phrase  can  not  mean  when  sup- 
plemented by  associative  bonds  contrib- 
uted by  the  listener  or  suggested  by  the 
composer  or  critic."  .  .  .  "For  those,  how- 
ever, who  cling  jealously  to  the  loveli- 
ness of  sheer  tonal  quality,  the  charm  of 
the  suggestions  and  meanings  which 
hover  close  to  the  intrinsic  character  of 
music's  formal  structure  lies  chiefly  in 
this,  that  these  meanings  just  beyond  the 
world  of  sound  seldom  reveal  corporeal 
concreteness.  The  suggestion  of  personal 
struggle    and    effort,    let    us   say,    which 
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music  can  so  effectively  convey,  derives 
primarily  from  the  close  similarity  be- 
tween skillfully  manipulated  accents, 
rhythms,  tempi,  pitch-differences,  and 
movement  (plus  the  effects  of  dynamism), 
and  the  actions  and  motions  of  those  who 
in  real  life  struggle  and  strive,  so  that  the 
perception  of  one  not  infrequently  evokes 
the  state  of  mind  which  was  responsible 
for  the  other"  (29,  pp.  239-240). 

The  expression  and  the  appreciation 
of  the  emotional  and  non-tonal  experi- 
ence associated  with  a  musical  composi- 
tion arc  achieved  by  means  of  the  ex- 
ecuted rhythmic,  melodic,  harmonic  and 
dynamic  forms.  The  primary  meaning, 
then  consists  of  these  forms  and  the  only 
objective  evidence  of  comprehension  is 
the  execution  of  the  forms.  Perhaps,  in 
general,  musical  compositions  may  be 
said  to  have  a  more  direct  and  profound 
emotional  connotation  than  verbal  com- 
positions but  this  is  always  secondary. 
Any  "program"  or  train  of  associated 
ideas  is  likewise  secondary.  Musical  com- 
prehension is,  in  the  first  place,  compre- 
hension of  the  structure  of  the  tonal  pat- 
tern symbolized  by  the  notation.  Any- 
thing apprehended  in  addition  to  this 
must  be  either  an  interpretation  or  an 
associate  of  the  pattern. 

Briefly,  direct  measurement  of  the 
reader's  comprehension  of  the  primary 
meaning  of  a  musical  composition  is  ex- 
perimentally feasible.  Records  of  the  per- 
formance of  a  composition  will  reveal 
the  accuracy  of  the  reader's  effective  com- 
prehension. 

EXPERIMENTAL  ANALYSIS 

In  this  investigation  the  experimental 
problem  has  been  the  determination  of 
the  number  and  durations  of  reading 
pauses,  the  sequential  placement  of 
pauses,  and   the  eye-hand  span  for  the 


reading  of  three  types  of  musical  ma- 
terial. 

The  three  musical  selections  used  are 
shown  in  Figures  1,  2,  and  3.  Selection 
No.  1  represents  the  harmonic  type  of 
organization.  The  eight  measures  from 
a  hymn  are  made  up  of  a  succession  of 
common  chords  having  conventional 
harmonic  relations  and  there  are  very 
few  accidentals.  Selection  No.  2  repre- 
sents the  melodic  type  of  organization. 
The  eight  measures  from  a  minuet  by 
Bach  have  only  two  voice  parts  and  there 
are  few  accidentals,  but,  when  read  at  a 
lively  tempo,  proved  difficult  enough  to 
require  attentive  reading  by  the  subjects. 
Selection  No.  3  represents  the  single- 
melody-with-supporting-chords  type  of 
organization.  The  right  and  left  hands 
are  employed  alternately  in  playing  the 
melody  while  the  accompanying  chords 
are  played  largely  by  the  right  hand. 

Records  of  the  reading  of  15  well 
trained  musicians  were  made.  Nine  of 
the  15  subjects  were  professional  musi- 
cians in  the  sense  that  they  were  being 
paid  for  teaching  (privately  or  in  public 
schools)  or  were  employed  as  musicians 
in  various  kinds  of  public  entertainment. 
The  remaining  six  were  active  musicians 
who  were  members  of  orchestras  or  other 
musical  organizations  and  appeared  fre- 
quently in  public  performances.  All  the 
subjects  had  specialized  in  piano  playing 
but  nine  of  them  played  some  other  in- 
strument or  were  skilled  performers  in 
solo  or  part  singing.  Seven  persons  in  the 
group  had  studied  two  or  more  years  in 
special  schools  or  conservatories  of  music 
and  two  had  studied  with  eminent  Euro- 
pean teachers.  All  of  the  individuals  of 
the  group  were  women. 

Tests  of  visual  acuity  (without  correc- 
tion) showed  that  seven  of  the  group  had 
normal   vision   in   both   eyes.   Subject   F 
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had  normal  vision  with  the  right  eye  but 
very  poor  vision  with  the  left  eye.  Sub- 
ject H  had  normal  vision  with  the  left 
eye  but  slightly  subnormal  vision  with 
right  eye.  Five  of  the  subjects  (G,  I,  J, 
L  and  M)  showed  poor  uncorrected  vi- 
sion for  both  eyes  (8/20  to  12/20  by  the 
Snellen  method  of  indicating  relative 
acuity).  These  measurements  of  acuity 
were  secured  because  the  subjects  were 
required  to  read  without  their  correc- 
tions. All  of  the  subjects  with  subnormal 
vision  in  both  eyes  were  myopic  and 
were  able  to  see  music  at  the  piano  well 
enough  to  read  normally  without  the  aid 
of  correcting  lenses. 

The  Dodge  method  of  making  photo- 
graphic records  of  eye  movements  was 
used.  This  method  has  been  described  by 
Dodge  (9,  10).  The  camera  was  mounted 
over  a  grand  piano.  The  music  rack  of 
the  piano  was  replaced  by  a  large  frame 
covered  with  cardboard  which  screened 
the  camera  and  its  accessories  from  the 
subject.  The  lens  and  its  supporting  tube 
projected  through  the  cardboard  screen 
and  the  music  to  be  read  was  held  in  a 
wire  frame  just  below  the  lens.  The 
music  was  well  illuminated  (25  foot 
candles)  but  the  lamp  shade  was  adjusted 
so  that  the  intensity  of  illumination  on 
the  screen  decreased  rapidly  beyond  the 
music. 

An  automatic  carbon  arc  light  was 
used  as  the  source  of  illumination  for  the 
eye.  A  blue  filter  between  the  light  source 
and  the  eye  greatly  reduced  the  bright- 
ness and  distractibility  of  this  light  but 
transmitted  practically  all  the  light  that 
is  photographically  effective  on  ortho- 
chromatic  film.  The  angular  relation  of 
the  light  source  to  the  eye  was  such  that 
light  from  this  source  did  not  fall  on 
or  near  the  fovea  during  the  reading. 
Also,   the  light  received  by  the  camera 


was  reflected  from  the  central  region  of 
the  cornea. 

Between  the  arc  light  and  the  reader's 
eye  a  circular  disc  was  rotated  at  the  rate 
of  5  revolutions  per  second  by  means  of 
a  synchronous  motor.  Nine  of  ten  equal 
segments  of  this  disc  had  perforations 
which  admitted  the  light  to  the  eye  in 
discrete  flashes  at  the  rate  of  50  per  sec- 
ond. Leaving  one  of  the  ten  segments 
imperforated  provided  time  units  of  5ths 
of  a  second  as  well  as  50ths  of  a  second 
on  the  records. 

A  lens  of  long  focal  length  (12  in.)  was 
used  at  a  distance  which  gave  a  magnifi- 
cation of  five  times.  This  made  it  pos- 
sible to  place  the  selection  to  be  read 
just  below  the  lens  and  have  it  at  the 
same  time  at  a  normal  reading  distance 
from  the  subject's  eyes. 

The  recording  of  both  vertical  and 
horizontal  movements  or  components  of 
movements  was  accomplished  by  placing 
in  front  of  the  lens  of  the  camera  the 
simple  doubling  device  used  in  the  Hardy 
ophthalmometer.  (Similar  devices  have 
long  been  used  in  determining  astronom- 
ical distances.)  This  beam-splitting  device 
is  made  of  two  weak  prisms  which  were 
placed  in  front  of  the  lens  of  the  camera 
so  as  to  refract  half  of  the  light  passing 
through  the  lens  in  one  direction  and  the 
other  half  in  the  opposite  direction.  One 
of  the  two  images  secured  in  this  way  was 
focused  upon  a  vertically  moving  film  and 
the  other  was  focused  upon  a  horizontally 
moving  film.  On  each  film  was  recorded 
the  directional  component  of  a  move- 
ment at  right  angles  to  the  direction  of 
movement  of  the  film.  By  requiring  the 
subject  to  fixate  prescribed  reference 
points,  records  were  made  by  means  of 
which  it  was  possible  to  determine  the 
two  dimensional  coordinates  of  each 
reading  fixation. 
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At  the  focal  plane  of  the  camera,  a 
gear-sprocket  train  run  by  an  electric 
phonograph  motor  carried  the  film  (35 
mm.)  at  a  speed  of  5.2  cm.  per  second. 
The  gear-sprocket  train  was  made  in  one 
unit  which  could  be  removed  from  the 
camera  and  run  by  hand  so  that  it  could 
be  used  to  carry  the  developed  records 
when  the  locations  of  successive  reading 
pauses  were  determined. 

Perhaps  the  most  serious  limitation  of 
this  photographic  method  when  applied 
to  the  study  of  eye  movements  in  music 
reading  is  the  necessity  of  maintaining 
an  absolute  fixation  of  the  head.  This 
requirement  has  been  a  source  of  diffi- 
culty in  many  studies  of  eye  movements 
and,  when  movements  of  the  fingers  and 
arms  of  the  reader  are  involved  in  the 
process  of  reading,  the  difficulty  becomes 
a  major  technical  problem.  The  device 
used  to  hold  the  head  in  place  was  at- 
tached to  a  wall  behind  the  subject.  Ad- 
justable clamps  about  and  above  the 
head  were  held  in  a  frame  which  could  be 
moved  up  or  down  to  suit  the  subject's 
habitual  position  at  the  keyboard.  How- 
ever, any  number  of  clamps  applied  to 
the  skin  of  the  head  will  do  no  more  than 
prevent  relatively  large  movements.  The 
teeth  of  the  upper  jaw  provide  the  one 
place  of  attachment  which  may  be  used 
to  secure  a  close  approximation  of  im- 
mobility. They  are  commonly  employed, 
in  attempts  to  fixate  the  head,  by  using 
a  thin  but  rigid  biting-board  against 
which  the  jaws  of  the  subject  are  firmly 
set.  Although  a  biting-board  is  an  un- 
fortunate distraction  for  music  readers, 
it  is  effective  in  eliminating  head  move- 
ments if  the  subject  is  successful  in  main- 
taining a  strong  contraction  of  the  jaio 
muscles.  In  order  to  provide  optimum 
conditions  for  successful  fixation  of  the 
head,  the  biting-board  attachment  to  the 
head  support  was  made  so  that  it  could 


be  rotated  about  either  of  two  axes  at 
right  angles  to  each  other  making  it  pos- 
sible to  fit  the  board  into  the  natural 
arrangement  of  the  teeth  of  each  subject. 
Also,  the  board  could  be  moved  vertically 
and  horizontally  independently  of  the 
supporting  frame.  But,  with  all  of  these 
adjustments  and  patient  care  in  using 
them,  a  distressingly  large  number  of  the 
records  could  not  be  used  to  determine 
the  locations  of  fixations  because  of  head 
movements. 

In  addition  to  the  records  of  the  move- 
ments of  the  eyes,  records  of  the  per- 
formance of  the  hands  on  the  keyboard 
were  made.  Each  key  of  the  middle  five 
octaves  of  the  keyboard  was  made  to 
serve  as  part  of  an  electric  switch.  De- 
pressing a  key  closed  a  circuit  through 
a  small  flashlight  bulb  (focusing  filament 
type)  located  in  an  adjoining  room  where 
a  camera  carrying  a  continuously  moving 
film  provided  a  photographic  record  of 
the  light  from  the  bidb.  The  wire  form- 
ing the  circuits  through  the  flashlight 
bulbs  was  run  into  the  body  of  the  piano 
over  the  keys  where  one  end  of  each 
circuit  was  inserted  into  a  small  cup  of 
mercury  mounted  just  above  a  key  and 
the  other  end  was  held  just  above  the 
cup  of  mercury  by  a  small  upright  at- 
tachment on  the  key  so  that  any  depres- 
sion of  the  key  would  carry  the  end  of 
the  wire  into  the  mercury.  These  switches 
were  silent  in  operation  and  had  no  per- 
ceptible effect  on  the  action  of  the  keys. 
Frequent  cleaning  of  the  contact  points 
was  necessary.  The  light  bulbs  connected 
with  the  keys  were  placed  in  a  straight 
row  and  were  separated  by  small  black 
cardboard  shields.  Between  groups  of  12 
bulbs  (representing  octaves  at  the  key- 
board), additional  lights  were  inserted  to 
provide  six  parallel  time  lines  on  the 
piano  records.  Intermittent  flashes  of 
light  at  the  rate  of  5  per  second  were 
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secured  from  the  time  lights  by  a  contact 
attachment  on  the  synchronous  motor 
used  to  provide  time  for  the  eye  move- 
ment records.  The  time  lines  served  also 
as  reference  lines  which  greatly  facilitated 
the  reading  of  the  piano  records.  The 
flashlight  transformation  of  the  keyboard 
performance  was  photographed  by  means 
of  a  panoramic  camera— described  by 
Miles  &  Shen  (24).  A  special  loading 
chamber  was  built  onto  the  back  of  this 
camera  so  that  long  strips  of  film  (78  mm. 
wide)  could  be  moved  continuously  at 
a  uniform  rate  by  an  electric  phonograph 
motor. 

In  order  to  determine  the  relation  be- 
tween the  eyes  and  the  hands  throughout 
the  reading  a  special  device  was  con- 
structed which  would  start  the  time  line's 
on  all  records  simultaneously.  A  shutter 
placed  between  the  arc  light  and  the  eye 
closed  a  switch  in  the  circuit  of  the  time 
lights  for  the  piano  record  at  the  same 
time  that  it  released  light  to  the  eye  and 
so  started  the  time  line  on  the  eye  move- 
ment records.  Since  only  5ths  of  a  second 
were  recorded  on  the  piano  record  and 
the  latency  of  the  time  lights  for  the 
piano  record  was  not  balanced  by  an 
identical  latency  for  the  eye  movement 
records  it  is  apparent  that  absolute  si- 
multaneity was  not  achieved.  However, 
the  maximum  deviation  from  simul- 
taneity was  negligible  when  considered  in 
relation  to  the  significant  units  involved 
in  determining  the  relation  between  eye 
and  hand,  i.e.,  the  durations  of  notes  and 
reading  pauses. 

In  making  the  records,  the  following 
procedure  was  used  for  each  subject. 
After  the  test  of  visual  acuity,  the  record- 
ing apparatus  was  shown  to  the  subject 
and  a  general  description  of  the  method 
of  photographing  eye  movements  was 
given  with  special  emphasis  upon  the  im- 
portance of  preventing  head  movements. 


Then  the  subject  was  asked  to  try  playing 
at  the  piano  with  the  head  supported.  At 
first,  only  the  head  clamps  were  used,  but 
later,  the  biting-board  was  added.  During 
15  minutes  of  miscellaneous  reading  and 
playing,  the  subject  became  somewhat 
adapted  to  the  unusual  conditions  and 
the  head  support  was  readjusted  as  often 
as  seemed  advisable  in  order  to  attain  a 
maximum  of  security  with  a  minimum 
of  discomfort. 

The  camera  was  then  focused  on  the 
right  eye  and  a  selection  of  music  very 
similar  to  selection  No.  1  was  placed  on 
the  rack  below  the  lens  with  a  blank 
sheet  of  paper  covering  it.  The  subject 
was  told  that  this  selection  was  being  pre- 
sented as  a  preliminary  sample  of  the 
kind  of  selection  to  be  read  immediately 
after  it  so  that  the  approximate  tempo 
at  which  the  following  selection  should 
be  read  could  be  determined.  The  tempo 
was  to  be  the  maximum  permissible  for 
the  kind  of  music  presented  or  the  fastest 
that  could  be  managed  without  a  large 
number  of  errors.  The  subject  was  told, 
also,  that  three  red  dots  had  been  placed 
on  each  of  the  selections  to  be  read;  one 
on  the  left  side  of  the  page  at  the  level 
of  the  lower  half  of  the  staff,  another  on 
the  left  at  the  level  of  the  upper  half  of 
the  staff,  and  a  third  on  the  right  side 
of  the  page  just  above  the  treble  staff. 
And  these  dots  were  to  be  directly  fixated 
in  the  order  indicated  by  the  experi- 
menter before  beginning  to  read  the 
music.  (These  dots  were  used  to  secure 
reference  fixations  on  known  points.)  A 
ready  signal  was  given,  the  music  un- 
covered, and  the  experimenter  said,  "look 
at  the  lower  dot  on  the  left,  now  the 
upper  one,  now  the  right,  and  now  play." 
These  instructions  were  given  slowly 
enough  to  allow  the  subject  to  make  a 
sure  fixation  on  each  dot.  As  the  subject 
read    the    selection,     the    experimenter 
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watched  the  movements  of  the  points  of 
light  on  the  ground  glass  focusing  plate. 
This  provided  a  check  on  the  adequacy 
of  the  fixation  of  the  head.  After  a  warn- 
ing to  the  subject  to  keep  the  jaws  firmly 
closed  on  the  biting-board  and  to  avoid 
winking  if  possible,  selection  No.  1  was 
placed  in  position  for  reading  and  un- 
covered as  the  camera  motors  were 
started. 

Preliminary  samples  were  presented 
before  selections  No.  2  and  No.  3  and 
the  same  procedure  used  as  for  No.  1. 
The  selections  were  presented  to  all  sub- 
jects in  the  order  in  which  they  are  num- 
bered. 

After  making  the  records  for  each  sub- 
ject, the  experimenter  asked  the  subject 
whether  any  of  the  selections  had  been 
read  before  the  records  were  made.  Previ- 
ous readings  were  reported  by  two  sub- 
jects. The  records  for  these  two  readings 
of  familiar  material  were  not  included 
among  the  records  from  which  the  re- 
sults reported  below  were  secured. 

RESULTS 

Number  of  Reading  Pauses 

The  number  of  reading  pauses  requir- 
ed to  read  any  kind  of  material  is  signifi- 
cant only  when  considered  in  relation  to 
the  amount  of  material  read.  For  this 
reason,  it  is  customary,  in  word  reading, 
to  determine  the  average  number  of 
pauses  per  line.  In  this  study,  the  aver- 
age number  of  notes  per  pause  has  been 
used  although  this  average  is  inversely 
related  to  the  number  of  pauses. 

There  is  some  danger  that  the  average 
number  of  notes  per  pause  will  be  con- 
sidered as  equivalent  to  the  number  of 
notes  seen  by  the  reader  at  each  pause  of 
the  eyes.  This  may  or  may  not  be  true. 
The  necessity  of  comprehending  the  me- 
lodic and  rhythmic  relations  of  notes  may 
cause   considerable   overlapping  of   per- 


Table    i 

Reading  data  for  the  three  selections 
(Time  unit  is  one  second) 


c  ,  .     .       Tota 
Subject    Read; 


ng 
Time 


Ave. 

No. 
Notes 

per 
Pause 


Ave. 

Pause  No. 

Duration      Errors 
and  S.D. 


Selection  No 

.  1 

L 

16.5 

1.68 

.29 

.  12 

6 

M 

17-5 

1  .62 

•30 

.  10 

5 

I 

18.9 

i-39 

•27 

.09 

5 

G 

20.  2 

i-5i 

•33 

.08 

2 

0 

20.9 

1. S3 

•35 

.14 

10 

B 

23-7 

1.78 

•44 

.16 

2 

J 

24. 1 

1.56 

.41 

.  20 

6 

A 

24-3 

1.65 

.42 

.19 

5 

H 

27.  2 

i-35 

.40 

.  20 

3 

K 

28. s 

1.44 

•44 

•25 

0 

Ave. 

22.  2 

i-55 

•36 

■15 

4.4 

Selection  No 

.  2 

K 

14.8 

2  .00 

•38 

.18 

5 

I 

150 

i-57* 

•3i* 

.  12 

14 

M 

15-5 

i-57* 

•3i* 

.  11 

6 

F 

15-9 

1 .64 

•34 

.14 

0 

G 

17-5 

1 .40 

•3i 

.14 

1 

A 

19. 1 

1 .64 

.38 

.19 

11 

N 

21 . 2 

1.32 

•36 

.16 

0 

■D 

22.9 

i-45* 

.42* 

.19 

2 

O 

23.1 

i-4S* 

.42* 

.  22 

19 

J 

24.6 

i-4S 

.48 

.26 

1 1 

Ave. 

19.0 

i-55 

•37 

•17 

6.9 

Selection  Nc 

•  3 

F 

14.9 

1.77 

•37 

.  21 

7 

L 

14 

9 

1 .92 

•39 

•23 

6 

G 

17 

4 

1.82 

•45 

•25 

2 

I 

18 

8 

1 .64 

•  42 

.  22 

6 

C 

19 

3 

1.97 

•52 

•25 

14 

K 

21 

1 

1 .64 

•49 

.  22 

5 

N 

24 

S 

1.38 

.48 

.29 

5 

J 

26 

4 

1.44 

•53 

.27 

8 

Ave. 


19.7 


1 .  70 


.46 


24 


6.6 


*  In  these  cases,  two  subjects  have  the  same 
No.  notes  per  pause  and  Ave.  pause  duration. 
In  both  cases,  the  difference  in  reading  time  is 
explained  by  the  omission  from  the  table  of  the 
third  figures  after  the  decimal  points. 

ceptual  fields  in  continuous  reading.  The 
average  number  of  notes  executed  per 
reading  pause  is  not  necessarily  equiva- 
lent to  the  number  of  notes  clearly  seen 
at  each  pause. 

In  Table  1,  the  subjects  are  arranged 
in  order  according  to  the  amount  of  time 
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used  in  reading  each  selection.  The  table 
shows  that  the  average  number  of  notes 
per  pause  was  the  same  (1.55)  for  selec- 
tions No.  1  and  No.  2.  Selection  No.  3 
shows  a  somewhat  larger  average  number 
of  notes  per  pause  (1.70)  and,  if  both 
notes  and  accidentals  are  included,  the 
average  number  of  symbols  per  pause  is 
approximately  twice  as  large  for  this  se- 
lection (3.02)  as  for  Nos.  1  and  2. 


that  the  average  number  of  notes  per 
pause  is  greater  for  the  bass  (1.77)  than 
for  the  treble  (1.37)  part.  It  seems  reason- 
able to  assume  that  more  pauses  were 
used  in  reading  the  treble  than  in  read- 
ing the  bass  because  the  dominant  mel- 
ody is  in  the  treble  part  and  errors  in 
the  reading  of  this  part  are  more  con- 
spicuous than  errors  in  reading  the  bass 
part.  We  may  expect  experienced  read- 


Table  2 

Average  number  of  notes  per  pause  for  treble  and  bass 
parts  of  the  three  selections 


Subject 

Selection 

No.  1 

Selection 

No.  2 

Selection 

No.  3 

Treble 

Bass 

Treble 

Bass 

Treble 

Bass 

A 

i-43 

1. 91 

1 .92 

i-37 

B 

1.65 

1. 91 

C 

2.12 

1 .60 

D 

1 .60 

1.24 

F 

1. 8S 

1-37 

2.12 

1. IS 

G 

1.30 

1 .76 

1 .60 

113 

2.12 

1-23 

H 

1. os 

1.84 

I 

1.38 

i-39 

1. 71 

i-37 

1 .90 

1. IS 

J 

1.48 

1 .64 

1.66 

1. 18 

1. 71 

•94 

K 

1 .  26 

1 .64 

2.18 

i-73 

2.65 

i-34 

L 

1.48 

1 .92 

2.12 

1 .46 

M 

1.38 

1. 91 

1.66 

1.44 

N 

1   So 

1.08 

1.52 

1 .07 

0 

i-34 

1 .  76 

1.66 

1. 18 

Ave. 

i-37 

1.77 

1  ■  73 

i-3i 

2.03 

1.24 

Considering  only  the  average  number 
of  notes  per  pause,  the  three  selections 
were  read  with  nearly  equal  efficiency.  A 
considerable  grouping  effect  is  found  for 
selection  No.  3  where  many  accidentals 
were  read  with  an  increase  instead  of  a 
decrease  in  the  number  of  notes  per 
pause.  This  increase  is  undoubtedly  re- 
lated to  the  vertical  groups  of  three  and 
four  notes  on  the  treble  staff  of  No.  3. 
Similar  groups  do  not  occur  in  the  other 
selections. 

The  average  number  of  notes  per 
pause  has  been  determined  for  the  treble 
and  bass  parts  of  each  selection.  The 
right  and  left  hand  parts  of  selection  No. 
1  are  very  similar  in  number  and  organi- 
zation of  notes.  However,  Table  2  shows 


ers,  doing  sight  reading,  to  read  the  dom- 
inant melody  more  carefully  than  the 
accompanying  parts. 

In  selection  No.  2,  the  treble  and  bass 
parts  are  equally  important,  as  far  as 
melodic  structure  is  concerned,  but  the 
number  of  notes  on  the  streble  staff  is 
approximately  double  the  number  on  the 
bass  staff.  Table  2  shows  that  the  average 
number  of  notes  per  pause  for  the  treble 
staff  (1.73)  is  larger  than  but  not  twice 
as  large  as  the  average  for  the  bass  staff 

(i-30- 

The  treble  staff  of  selection  No.  3  con- 
tains a  disposition  of  notes  highly  favor- 
able to  group  reading.  The  arrangement 
of  the  notes  on  the  bass  staff  is  quite  un- 
favorable to  group  reading.  The  average 
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number  of  notes  per  pause  for  the  treble 
staff  (2.03)  is  the  largest  average  found 
for  the  different  kinds  of  material  and 
for  the  bass  staff  (1.24)  it  is,  of  course, 
the  smallest  obtained. 

Duration  of  Reading  Pauses 

The  durations  of  pauses  were  deter- 
mined within  a  limit  of  error  of  .02  sec. 
The  data  of  Table  1  show  that  the  aver- 


Table  3  gives  the  average  pause  dura- 
tions for  the  treble  and  bass  parts  of  the 
three  selections.  The  difference  between 
the  average  pause  durations  of  the  upper 
(.38  sec.)  and  lower  (.35  sec.)  parts  of 
selection  No.  1  is  very  small.  Although 
more  pauses  were  used  in  reading  the 
treble  than  the  bass  part  of  No.  1,  the 
average  duration  of  the  pauses  was  found 
to  be  closely  similar  for  the  two  parts. 


Table  3 

Average  pause  durations  for  treble  and  bass 

parts  of  the  three  selections 


Subject 


Selection  No.  1 
Treble  Bass 


Selection  No.  2 
Treble  Bass 


Selection  No.  3 
Treble  Bass 


A 

B 


•39 
■43 


•44 
.46 


■39 


■35 


c 

•63 

.27 

D 

•5o 

35 

F 

■39 

27 

•39 

•33 

G 

•32 

•33 

•37 

25 

•56 

.24 

H 

•39 

.40 

I 

.27 

.27 

■33 

28 

•47 

.28 

J 

•43 

■38 

.62 

3i 

•59 

•43 

K 

•5i 

•35 

•'49 

23 

•55 

■33 

L 

•34 

•23 

.40 

■37 

M 

•30 

■31 

•33 

27 

N 

•44 

27 

•56 

•29 

0 

•38 

•3° 

•56 

25 

Mean 

•38 

•35 

•44 

28 

•52 

•32 

S.D. 

.07 

.07 

.09 

04 

.08 

.06 

age  pause  duration  for  selection  No.  1 
(.36  sec.)  is  practically  the  same  as  the 
corresponding  figure  for  selection  No.  2 
(.37  sec).  And  selection  No.  3,  which  was 
read  with  a  larger  number  of  notes  per 
pause  than  No.  1  and  No.  2,  has  a  larger 
average  pause  duration  (.45  sec.)  than 
the  other  two  selections.  The  difference 
between  the  average  pause  duration  for 
selection  No.  1  and  No.  3  (.10  sec.)  has  a 
critical  ratio  of  3.8.  Also,  the  coefficients 
of  variation  for  the  pause  durations  of 
selections  No.  1,  No.  2,  and  No.  3  are  42, 
46,  and  53  respectively  indicating  greater 
pause  variability  for  selection  No.  3  than 
was  found  for  the  other  selections. 


However,  for  selection  No.  2  and  for  No. 
3,  there  is  a  considerable  difference  be- 
tween the  average  durations  for  the 
treble  and  bass  parts.  (Differences  in  note 
arrangement  for  these  parts  have  been 
noticed.)  For  selection  No.  2,  the  differ- 
ence between  the  treble  (.44  sec.)  and  the 
bass  (.28  sec.)  is  .16  sec.  and  the  critical 
ratio  is  5.3.  For  selection  No.  3,  the  dif- 
ference between  the  treble  (.52  sec.)  and 
the  bass  (.32  sec.)  is  .20  sec.  and  the  criti- 
cal ratio  is  5.7.  The  longer  pause  dura- 
tions on  the  treble  than  on  the  bass  parts 
of  No.  2  and  No.  3  are  accompanied  by 
larger  reading  spans  (notes  per  pause) 
on  the  treble  than  on  the  bass. 
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Tempo  and  Ocular  Behavior 

The  subjects  were  allowed  to  choose  a 
tempo  according  to  the  instructions  given 
above  and  after  trying  a  sample  of  very 
similar  material.  This  choice  was  allowed 
for  several  reasons.  First,  an  arbitrarily 
fixed  tempo  would  probably  be  too  fast 
for  some  and  too  slow  for  others  of  the 
subjects  from  the  standpoint  of  obtain- 
ing records  of  their  best  possible  per- 
formances. Second,  comparisons  of  the 
rates  of  reading  for  different  kinds  of  ma- 
terial can  be  made.  Third,  it  makes  pos- 
sible a  determination  of  the  variation  in 


No.  2  (74)  and  No.  3  (69).  The  average 
rate  of  reading  for  selections  No.  1  and 
No.  2  was  4  notes  per  second  and  average 
rate  for  No.  3  was  3.5  notes  per  second. 

For  an  understanding  of  the  manner 
of  perceiving  in  music  reading  and  the 
conditions  which  determine  the  rate  of 
reading,  it  is  important  to  know  the  rela- 
tion between  reading  time  and  each  of 
the  two  variables  which  constitute  it,  i.e., 
the  number  and  the  durations  of  reading 
pauses.  Determinations  of  these  relations 
are  of  doubtful  value  if  subjects  choose 
tempi  which  not  only  permit  but  also  re- 


Table  4 

ding  time  with  number  and 
duration  of  nauses 


Correlation  of  reading  time  with  nun 
average  duration  of  pauses 


Selection 


No. 


No. 


No.  3 


"r"  for  reading  time  and  number  of  pauses 

"r"  for  reading  time  and  average  pause  duration 


35+  -19 
.89  ±.05 


.58+.  14 

.83+. 07 


.  27  ± . 22 
.82±.o8 


reading  time  for  the  group  of  subjects. 
Fourth,  it  makes  possible  a  determina- 
tion of  the  relations  between  reading 
time  and  both  the  number  of  pauses  and 
pause  duration. 

The  subjects  appeared  to  cooperate 
willingly  and  with  genuine  interest.  In 
only  three  of  the  twenty-eight  cases  was 
the  tempo  selected  slow  enough  to  permit 
errorless  reading.  It  is  possible  that  in 
these  three  cases  a  tempo  was  selected 
which  permitted  more  and  longer  pauses 
than  were  necessary  for  accurate  reading. 
However,  the  knowledge  that  every  as- 
pect of  the  reading  was  being  recorded 
constituted  a  strong  motivating  condi- 
tion for  the  subjects. 

In  Table  1,  we  see  that  the  average 
reading  time  for  selection  No.  1  (22.2 
sec.)  is  longer  than  the  average  reading 
times  for  No.  2  (19.0  sec.)  and  No.  3  (19.7 
sec).  However,  the  number  of  notes  in 
selection   No.    1    (89)   is  larger   than   for 


quire  more  than  the  minimum  necessary 
number  and/or  durations  of  pauses.  But, 
for  reasons  stated  above,  it  seems  prob- 
able that  the  subjects  of  this  experiment 
could  not  have  read  the  selections  at  fas- 
ter tempi  without  inordinate  numbers  of 
errors.  Table  4  shows  the  results  obtained 
in  calculating  the  degree  of  correlation 
between  reading  time  and  both  the  num- 
ber and  the  average  durations  of  pauses. 
The  small  number  of  subjects  used 
limits  the  significance  of  these  coefficients 
but  weight  is  added  to  the  results  by  the 
fact  that  they  are  similar  for  all  of  the 
three  selections.  It  is  clear,  for  this  group 
of  subjects,  that  reading  time  is  much 
more  closely  related  to  pause  duration 
than  to  the  number  of  pauses. 

Frequency  of  Errors 

An  illustration  of  the  records  used  in 
determining  the  number  of  errors  is 
given  in  Figure  4.  (See  discussion  of  this 


iO 


H.    E.    WEAVER 


figure  under  Eye-Hand  Span.)  The  er- 
rors shown  in  Table  1  are  all  omissions  or 
substitutions.  Some  slight  irregularities 
in  rhythmic  figures  and  in  tempo  were 
found  but  they  were  considered  too  small 
to  be  classified  as  errors.  Where  the  omis- 
sion of  a  note  caused  a  break  in  the 
rhythm,  only  one  error  was  counted. 

The  average  number  of  errors  for  se- 
lection No.  1  (4.4)  is  smaller  than  the 
average  numbers  for  No.  2  (6.9)  and  No. 
3  (6.6).  A  special  circumstance  should  be 
noticed  in  connection  with  the  large 
number  of  errors  for  selection  No.  2 
made  by  subjects  A,  I,  and  J.  These  sub- 
jects read  this  selection  in  the  key  of 
E-flat  instead  of  B-flat.  This  caused  many 
substitutions  of  A-flat  for  A. 

No  systematic  variation  of  errors  with 
the  other  measurements  is  apparent.  Sub- 
ject O,  in  reading  selections  No.  1  and 
No.  2  and  subject  C,  in  reading  selection 
No.  3  apparently  selected  tempi  that 
were  too  fast  to  permit  them  to  read  with 
a  desirable  degree  of  accuracy.  Subject 

0  made  nearly  all  of  the  errors  in  one 
or  two  measures  of  each  selection.  The 
errors  of  subject  C  were  scattered 
throughout  the  eight  measures. 

Individual  Differences 

The  range  for  the  average  number  of 
notes  per  pause  in  reading  selection  No. 

1  is  .43  (1.35  to  1.78);  for  selection  No.  2, 
it  is  .68  (1.32  to  2.00);  and  for  selection 
No.  3,  it  is  .59  (1.38  to  1.97).  The  lower 
limit  is  approximately  the  same  for  the 
three  selections  but  the  upper  limit  is 
distinctly  higher  for  selections  No.  2  and 
No.  3  than  for  No.  1. 

The  range  for  average  pause  duration 
in  reading  selection  No.  1  is  .17  sec.  (.27 
to  .44  sec.);  for  selection  No.  2  is  .17  sec. 
(.31  to  .48  sec);  and  for  No.  3,  it  is  .16 
sec.  (.37  to  .53  sec).  The  range  is  ap- 
proximately the  same  for  the  three  selec- 


tions but  there  is  a  progressive  rise  of 
the  lower  and  upper  limits  from  No.  1 
through  No.  3. 

The  range  for  variability  of  pause 
duration  (in  coefficients  of  variation)  for 
selection  No.  1  is  33  (23  to  56);  for  No. 
2,  it  is  19  (36  to  55);  and  for  No.  3,  it  is 
15  (46  to  61).  The  range  of  variability  for 
selection  No.  1  is  about  twice  as  great  as 
it  is  for  the  other  two  selections.  It  should 
be  noticed,  however,  that  the  greater 
range  of  variability  for  No.  1  is  caused 
entirely  by  the  readings  of  that  selection 
for  which  the  pause  variabilities  were 
less  than  the  pause  variabilities  for  any 
of  the  readings  of  the  other  two  selec- 
tions. 

The  first  column  of  figures  in  Table  1 
shows  that  the  range  for  reading  time  is 
very  similar  for  the  three  selections.  The 
range  in  rate  of  reading  for  selection  No. 
1  is  2.3  notes  per  second  (3.1  to  5.4);  for 
No.  2,  it  is  2  notes  per  second  (3  to  5); 
and  for  No.  3,  it  is  2  notes  per  second 
(2.6  to  4.6). 

An  individual's  position  in  any  of  the 
distributions  of  measurements  for  one  se- 
lection may  be  quite  different  from  his 
position  in  the  distribution  for  another 
selection.  Subject  K  is  an  extreme  case.  In 
reading  selection  No.  1,  this  subject  used 
more  than  the  average  number  of  pauses 
of  very  long  duration  and  obtained  the 
longest  reading  time.  In  reading  selection 
No.  2,  subject  K  used  a  smaller  num- 
ber of  pauses  than  any  other  subject; 
these  pauses  were  about  average  in  dura- 
tion and  the  reading  time  was  the  small- 
est for  this  selection.  For  selection  No.  3, 
K  used  a  little  more  than  the  average 
number  and  duration  of  pauses  and  read- 
ing time.  Subject  I  is  a  typical  case.  In 
reading  selection  No.  1,  this  subject  used 
many  more  than  the  average  number  of 
pauses  of  very  short  duration  and  ob- 
tained a  reading  time  below  the  average. 
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For  No.  2,  subject  I  used  next  to  the 
smallest  number  of  pauses  of  the  shortest 
duration  and  the  reading  time  was  next 
to  the  shortest.  And,  for  No.  3,  the  num- 
ber of  pauses  was  slightly  more  than  aver- 
age; the  durations  and  reading  time  were 
a  little  less  than  average. 

Subject  L  made  few  pauses  of  short 
duration,  in  reading  selection  No.  1;  sub- 
ject B  made  few  pauses  of  long  duration; 
subject  I  made  many  short  pauses;  and 
subject  K  made  many  long  pauses.  These 
are  the  various  possibilities  which  are 
sometimes  treated  as  "types"  of  reading. 
But  the  differences  in  the  positions  of 
subjects  I  and  K  in  the  three  selections 
and  similar  cases  shown  in  Table  1  in- 
dicate that  music  readers  can  not  readily 
be  classified  according  to  types. 

Differences  in  visual  acuity,  as  meas- 
ured by  standard  methods,  were  found 
among  the  subjects.  However,  no  regular 
relation  between  visual  acuity  and  the 
reading  data  has  been  found.  Subjects 
with  subnormal  acuity  (at  20  ft.)  are 
found  to  be  fast,  slow,  and  average  read- 
ers. One  subject  (K)  who  had  normal 
acuity,  obtained  the  longest  reading  time 
for  selection  No.  1  and  the  shortest  read- 
ing time  for  selection  No.  2. 

Sequential  Placement  of  Pauses 

An  examination  of  the  plotted  pat- 
terns of  reading  pauses  has  not  revealed 
sharply  different  types  of  readers.  Two 
forms  of  reading  have  been  found  but  all 
subjects  employ  both  forms.  The  sub- 
jects differ  in  the  frequency  with  which 
they  use  the  two  forms  and,  for  this  rea- 
son, we  may  speak  of  tendencies  to  read 
in  certain  ways  but  hardly  of  types  of 
readers.  The  illustrations  of  reading  pat- 
terns in  Figures  1,  2,  and  3  were  selected 
to  show  the  greatest  differences  found 
among  the  subjects. 

Figure  1  presents  the  sequence  of  read- 


ing pauses  for  subjects  M,  H,  and  L  in 
reading  selection  No.  1.  Subject  M  used, 
most  frequently,  a  "vertical"  form  of 
reading  (see  the  eight  measures  at  top  of 
Figure  1).  In  the  "vertical"  form,  the  sub- 
ject's line  of  visual  regard  jumps  from 
one  half  of  the  staff  to  the  other  and 
back  again.  This  regular  alternation  of 
pauses  upon  the  two  halves  of  the  staff 
and  the  high  frequency  of  nearly  verti- 
cal movements  of  the  eyes  characterize 
the  "vertical"  form  of  reading.  Two 
pauses  in  succession  on  one  half  of  the 
staff  are  found,  for  this  subject,  only  in 
the  sixth  measure  and  between  the 
seventli  and  eighth  measures. 

The  pattern  of  pauses  for  subject  H 
(middle  eight  measures  of  Figure  1) 
shows  a  frequent  occurrence  of  two  suc- 
cessive pauses  on  the  treble  half  of  the 
staff  which  give  the  pattern  a  "horizon- 
tal" aspect.  (In  many  cases,  two  pauses 
appear  on  the  upper  part  of  one  chord. 
Re-reading  and  regressions  will  be  dis- 
cussed below.)  Horizontal  movements  on 
either  half  of  the  staff  and  the  use  of  a 
minimum  number  of  vertical  movements 
characterize  the  pattern  of  pauses  which 
is  called  a  "horizontal"  form  of  reading. 
(Stetson  [34]  has  used  the  terms  vertical 
and  horizontal  in  a  similar  way  in  a  dis- 
cussion of  music  reading.)  The  clustering 
of  pauses  at  the  half  cadence  in  the 
fourth  measure  should  be  noticed.  Nine 
pauses  are  used  here  in  a  measure  having 
only  seven  notes.  This  is  apparently  a 
case  in  which  the  conventional  retarding 
of  the  tempo  at  a  half  cadence  has  al- 
lowed the  reader  to  make  more  pauses 
than  would  be  made  in  reading  the  same 
material  without  a  reduced  rate  of  execu- 
tion. 

The  reading  pattern  for  subject  L 
(eight  measures  at  bottom  of  Figure  1) 
shows  both  the  "vertical"  and  "horizon- 
tal" forms  of  progression.  But  the  read- 
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Fig.  i.  Three  patterns  of  reading  pauses  for  selection  No.  l  which  represent  the 
reading  of  subjects  M  (top),  H  (middle),  and  L  (bottom).  Successive  points  of 
regard  are  connected  by  broken  lines. 
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ing  of  this  subject  is  different  from  the 
reading  of  subjects  M  and  H  in  another 
particular.  At  several  places,  subject  L 
apparently  read  the  parts  of  two  or  more 
chords  as  a  unified  segment  of  the  com- 
position. In  the  first  measure,  the  first 
reading  pause  is  on  the  treble  part  of  the 
first  chord,  the  second  is  a  glance  at  the 
signature,  the  third  is  on  the  treble  part 
of  the  second  chord,  the  fourth  is  on  the 
bass  part  of  the  second  chord,  and  the 
fifth  is  on  the  bass  part  of  the  first  chord. 
The  parts  of  two  chords  were  put  to- 
gether in  an  order  which  required  a  uni- 
fied comprehension  of  them.  Also,  in  the 
bass  part  of  the  second  measure,  only 
three  pauses  were  used  in  reading  the 
bass  parts  of  four  chords.  The  four  chords 
were  played  without  error.  If  we  assume 
that  inference  was  an  important  factor 
here,  it  seems  probable  that  the  infer- 
ence was  aided  by  some  cues  obtained 
during  the  reading  of  the  bass  staff.  Meas- 
ures 6,  7,  and  8  show  a  similar  kind  of 
reading.  In  contrast  to  this,  subjects  M 
and  H  read  the  chords  in  succession  from 
left  to  right  making  pauses  on  the  two 
parts  of  each  chord  before  going  on  to 
the  next  chord.  Subject  L  made  only  35 
movements  of  the  eyes  from  one  half  of 
the  staff  to  the  other.  Subject  M,  who 
used  the  "vertical"  form  extensively, 
made  48  such  movements. 

In  general,  the  "horizontal"  form  of 
progression  was  used  more  frequently  in 
reading  selection  No.  1  than  in  the  read- 
ing of  the  other  two  selections.  Only 
three  subjects  (A,  B,  M)  used  the  "verti- 
cal" form  predominantly.  Three  subjects 
(H,  I,  O)  used  the  "horizontal"  form  al- 
most exclusively  and  four  subjects  (G,  J, 
K,  L)  used  it  very  frequently. 

Illustrations  of  the  reading  of  selection 
No.  2  are  given  in  Figure  2.  The  eight 
measures  at  the  top  of  this  figure  repre- 
sent the  reading  of  subject  J.  The  gen- 


eral plan  of  this  reading  is  "vertical."  At 
three  places,  two  successive  pauses  occur 
on  the  treble  part,  thus  providing  more 
pauses  for  the  larger  number  of  notes  in 
this  part. 

Subject  D  (middle  of  Figure  2)  used 
both  the  "horizontal"  and  the  "vertical" 
forms.  In  the  third  measure,  this  subject 
read  the  treble  part  for  the  whole  meas- 
ure and  then  went  back  to  read  the  bass 
part  for  that  measure.  This  seems  to  be 
a  very  appropriate  kind  of  reading  for 
contrapuntal  music.  However,  this  kind 
of  reading  was  done  by  only  two  of  the 
ten  subjects  (D  and  I). 

The  sequential  order  of  pauses  for  sub- 
ject F  (bottom  of  Figure  2)  shows  both 
the  "vertical"  and  "horizontal"  forms. 
And  subject  F  made  only  35  vertical 
movements  while  subject  J  made  42  such 
movements.  Also,  subject  F  read  selec- 
tion No.  2  in  less  than  average  time  and 
made  no  errors  while  subject  J  used  more 
time  than  any  other  subject  and  made 
1 1  errors. 

In  general,  selection  No.  2  was  read 
by  means  of  a  "vertical"  sequence  of 
pauses.  Only  three  subjects  (A,  D,  I)  used 
the  "horizontal"  form  as  often  as  it  ap- 
pears in  the  middle  eight  measures  of 
Figure  2. 

In  the  second,  fourth  and  sixth  meas- 
ures of  selection  No.  3  (Figure  3),  two 
chords  in  succession  occur  on  the  treble 
staff  without  simultaneous  notes  on  the 
bass  staff.  With  bass  notes  on  both  sides 
of  these  chords,  an  approximately  "hori- 
zontal" form  of  reading  can  hardly  be 
avoided.  The  arrangement  of  the  notes 
on  the  staff  is  a  more  important  limiting 
factor  in  this  selection  than  in  selections 
No.  1  and  No.  2.  However,  some  differ- 
ences in  the  organization  of  reading 
pauses  are  found  among  the  subjects.  All 
subjects  show  both  the  "vertical"  and 
"horizontal"  forms  but  the  subjects  who 
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use  the  "vertical"  form  most  consistently 
show  high  frequencies  of  movements 
from  one  half  of  the  staff  to  the  other. 

Subject  L  (top  of  Figure  3)  made  only 
15  movements  from  one  half  of  the  staff 
to  the  other  and  shows  superior  skill  in 
placing  pauses  within  note  clusters  so 
that  a  maximum  number  of  notes  can  be 
read  at  a  single  stop  of  the  eyes.  Subject 
I  (middle  of  Figure  3)  shows  a  typical 
pattern  for  this  selection  with  some  du- 

Table  5 
Number  of  rereading  pauses 


Selection 

Selection 

Selection 

Subject 

No.  1 

No.  2 

No.  3 

A 

4 

5 

B 

4 

C 

c 

D 

5 

F 

3 

1 

G 

11 

7 

1 

II 

15 

I 

10 

1 

4 

J 

5 

3 

3 

K 

11 

1 

2 

I 

5 

1 

M 

4 

5 

N 

4 

6 

0 

9 

5 

Ave. 

7.3 

3-9 

2 . 2 

plication  of  pauses  and  regressive  move- 
ments. Subject  J  (bottom  of  Figure  3) 
used  the  "vertical"  form  most  frequently 
in  reading  this  selection  and  made  more 
than  twice  as  many  (31)  movements  be- 
tween the  two  halves  of  the  staff  as  sub- 
ject L. 

The  plotted  patterns  of  reading  pauses 
show  the  frequency  with  which  the  notes 
on  one  half  of  the  staff  were  read  before 
the  simultaneous  notes  on  the  other  half 
of  the  staff.  The  illustrations  for  selection 
No.  1  (Figure  1)  show  that  the  treble 
parts  of  chords  were  read  almost  in- 
variably before  the  corresponding  bass 
parts.  This  pronounced  tendency  was 
found  in  the  reading  of  eight  of  the  ten 
subjects  who  read  this  selection.  The  two 


exceptional  subjects  (B  and  I)  read  the 
treble  and  bass  parts  of  chords  first  with 
approximately  equal  frequency. 

There  are  ambiguous  places  in  the  pat- 
terns for  selection  No.  2  and  No.  3,  where 
it  is  not  possible  to  be  certain  which  part 
was  read  first.  But  it  is  clear  that  the 
tendency  to  read  the  treble  part  first  is 
less  pronounced  in  these  two  selections 
than  in  selection  No.  1.  Omitting  the 
doubtful  sequences  of  pauses,  we  find 
that  four  subjects  (D,  F,  I,  N)  for  selec- 
tion No.  2  and  four  subjects  (F,  G,  L,  N) 
for  selection  No.  3  read  the  bass  staff 
first  about  as  often  as  the  treble  staff.  The 
other  subjects  for  both  selections  read 
the  treble  part  first  more  often  than  the 
bass. 

The  amount  of  rereading  for  each  of 
the  selections  has  been  determined. 
Table  5  shows  the  number  of  reading 
pauses  located  so  close  to  previous  pauses 
on  the  same  notes  or  symbols  that  the 
subject  is  certainly  reading  the  material 
a  second  time. 

There  is  twice  as  much  rereading  for 
selection  No.  1  as  for  selection  No.  2  and 
approximately  four  times  as  much  as  for 
selection  No.  3.  The  subjects  who  used 
the  "vertical"  form  of  reading  for  selec- 
tion No.  1  (A,  B,  M)  did  only  about  half 
of  the  average  amount  of  rereading.  This 
is  not  true  for  selections  No.  2  and  No.  3. 
The  table  shows  also  that  subjects  who 
made  more  than  the  average  number  of 
rereading  pauses  for  one  of  the  selections 
do  not  consistently  make  more  than  the 
average  number  for  the  other  selections. 

Evidence  for  another  kind  of  reread- 
ing is  found  in  the  patterns  of  reading 
pauses.  A  good  illustration  of  this  second 
kind  of  rereading  is  given  in  the  eight 
measures  at  the  top  of  Figure  3.  In  the 
first  complete  measure,  three  reading 
pauses  were  used  in  reading  the  three 
eighth  notes  in  the  bass  part.  In  the  fifth 
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complete  measure,  a  similar  group  of 
three  eighth  notes  was  read  correctly  by 
means  of  one  reading  pause.  The  per- 
formance in  the  first  measure  is  a  kind  of 
rereading  in  which  there  is  a  consider- 
able overlapping  of  the   areas  of  clear 


which  the  eye-hand  span  was  determined 
are  shown  in  Figure  4.  Corresponding 
sections  of  the  vertical  and  horizontal 
records  of  the  pauses  and  movements  of 
the  eyes  are  shown  at  the  top  of  the  fig- 
ure. The  dotted  line  marked  A  is  a  record 
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Fig.  4.  Short  samples  of  the  records  of  the  performances  of  the  eyes  (top)  and  the  hands  (bottom). 

(Explanation  in  text.) 


vision  provided  by  the  three  reading 
pauses.  The  necessary  extent  of  overlap- 
ping of  successive  visual  areas  may  be  an 
important  factor  in  determining  reading 
efficiency. 

Eye-Hand  Span 

Illustrations  of  the  records  by  means  of 


of  the  horizontal  movements  and  posi- 
tions of  the  eye  and  the  line  marked  B 
is  the  simultaneous  record  of  vertical 
movements  and  positions.  The  long 
movement  from  left  to  right  at  the  be- 
ginning of  the  records  is  the  movement 
from  the  second  to  the  third  of  the  refer- 
ence   points    discussed    above.    Reading 
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pauses  are  indicated  by  the  numbers  i  to 
7.  Numbers  3  and  6  mark  pauses  on  the 
bass  staff.  The  dots  of  these  records  in- 
dicate time  in  intervals  of  .02  sec. 

The  first  part  of  a  record  of  the  per- 
formance of  the  reader's  hands  on  the 
keyboard  is  shown  at  the  bottom  of  figure 
4.  The  part  of  the  musical  selection 
played  by  the  subject  is  placed  just  above 
the  keyboard  record.  The  numbers  1  to 
8  on  the  piano  score  and  on  the  record 
below  it  indicate  the  correspondence  be- 
tween the  notes  on  the  score  and  the  lines 
by  which  the  playing  of  the  notes  was 
recorded.  The  question  marks  (left  to 
right)  indicate,  first,  the  failure  to  play 
the  last  C-sharp  in  the  second  full  meas- 
ure; second,  the  playing  of  D  instead  of 
C-sharp  in  the  third  measure;  and,  third, 
the  omission  of  the  D  at  the  end  of  the 
third  measure.  The  broken  lines  of  the 
record  separate  octaves  and  indicate  time 
intervals  of  .2  sec.  The  first  note  of  this 
selection  was  played  at  the  beginning  of 
the  fourth  second  after  the  record  started. 
During  the  first  three  seconds,  the  reader 
looked  sharply  at  each  of  the  three  refer- 
ence points  and  made  at  least  one  read- 
ing pause  on  the  notes  to  be  played.  The 
first  three  complete  measures  were  read 
at  the  rate  of  one  measure  in  two  sec- 
onds. 

The  positions  of  the  hands  and  eyes  in 
relation  to  the  printed  notes  on  the  staff 
were  determined  for  each  successive  sec- 
ond of  reading.  It  then  became  possible 
to  determine  the  number  of  the  note  or 
chord  ahead  of  the  hands  at  which  the 
eyes  were  directed.  This  method  made 
possible  two  or  three  determinations  of 
the  span  for  each  measure  of  the  three 
selections. 

In  reading  selection  No.  1,  only  two 
subjects  (B  and  G)  read  as  far  ahead  as 
the  fourth  chord  beyond  the  hands.  And 


a  span  as  large  as  this  was  not  maintained 
for  more  than  one  measure.  The  average 
span  for  this  selection  was  1.5  chords 
ahead  of  the  hands.  Subjects  K  and  M 
never  read  farther  than  the  second  chord 
ahead  of  the  hands  and  often  they  were 
still  looking  at  the  chord  when  it  was 
played. 

For  selection  No.  2,  the  maximum  span 
of  eight  notes  ahead  of  the  hands  ap- 
peared momentarily  in  the  records  of 
subjects  G,  J,  and  O.  (Subjects  J  and  O 
read  this  selection  more  slowly  than  any 
of  the  other  subjects  and  they  made  many 
errors.)  The  average  span  for  this  selec- 
tion was  3.1  notes  ahead  of  the  hands. 
Only  one  subject  (N)  failed  to  look  ahead 
more  than  4  notes  at  one  or  more  places 
in  the  selection. 

The  maximum  span  for  selection  No.  3 
was  five  notes  and  it  was  maintained  for 
only  part  of  one  measure  by  subject  L. 
The  average  span  for  the  selection  was 
1.9  notes.  Subject  C  was  the  only  one  who 
failed  to  exceed  a  span  of  two  notes  at 
some  point  in  the  reading  of  the  selec- 
tion. 

The  eye-hand  span  in  music  reading  is 
similar  to  the  eye-voice  span  in  word 
reading  in  being  very  "elastic."  There  is 
no  case  in  all  of  the  records  for  the  three 
selections  in  which  the  span  remains  un- 
changed in  size  through  more  than  two 
consecutive  measures  of  reading.  Also, 
subjects  vary  in  average  size  of  span  for 
the  different  selections.  Subject  A  showed 
a  low  average  span  in  reading  selection 
No.  1  (1.0)  and  a  high  average  span  in 
reading  selection  No.  2  (3.8).  Subject  I 
showed  a  low  average  span  for  selection 
No.  1  (1.0),  an  average  span  close  to  the 
group  average  for  selection  No.  2  (3.3), 
and  a  high  average  span  for  selection  No. 
3  (2.5).  Subject  K  obtained  very  low  aver- 
age spans  for  selections  No.  1  (.8)  and  No. 


OCULAR    BEHAVIOR    IN    MUSIC    READING 


25 


2    (1.7)   and   an   average   span   near   the 
group  average  for  selection  No.  3  (1.7). 

Discussion  of  Results 

A  comparison  of  the  results  obtained 
in  studies  of  word  reading  with  the  re- 
sults secured  in  this  study  of  music  read- 
ing shows  that  one  musical  note  is  prac- 
tically equivalent  to  one  word.  The  aver- 
age number  of  words  per  reading  pause 
reported  in  studies  of  word  reading  (8, 
32)  is  closely  similar  to  the  average  num- 
ber of  notes  per  pause  for  the  selections 
used  in  this  study.  A  chord  of  music  cor- 
responds to  a  phrase  of  words. 

Published  discussions  of  music  reading 
often  contain  a  comparison  of  the  spell- 
ing of  a  word  with  the  spelling  of  a 
chord.  The  letters  of  a  word  are  likened 
to  the  notes  of  a  chord.  This  is  only  an 
analogy,  of  course,  and  it  has  a  certain 
value  in  emphasizing  the  importance  of 
group  reading.  But  the  analogy  is  some- 
what misleading.  Letters  and  notes  are 
not  similar  units  from  the  standpoint  of 
visual  perceiving  in  reading.  A  better 
analogy  would  be  a  comparison  of  word 
spelling  with  note  spelling,  i.e.,  locating 
a  note  on  the  staff  by  means  of  the  letter 
names  of  the  lines  and  spaces.  Reading 
each  note  of  a  chord  separately  is  analo- 
gous to  reading  a  phrase  of  words  by 
making  a  pause  for  each  word. 

Average  pause  durations  have  been 
found  to  be  longer  in  music  reading  than 
in  word  reading.  Tinker  (36)  has  re- 
ported pause  durations  for  the  reading  of 
algebraic  formulae  that  are  similar  in 
length  to  the  pauses  of  music  reading. 
The  compactness  of  a  notation  seems  to 
be  related  directly  to  the  durations  of 
the  pauses  required  to  read  it.  Further 
evidence  which  supports  this  generaliza- 
tion is  found  in  the  results  for  the  read- 


ing of  the  treble  parts  of  selections  No. 
2  and  No.  3.  These  parts  are  spatially 
more  compact  and  represent  greater  com- 
plexity of  note  relations  than  the  parallel 
bass  parts.  For  both  selections,  the  aver- 
age number  of  notes  per  pause  and  the 
average  pause  duration  was  greater  for 
the  treble  than  for  the  bass  parts.  The  re- 
sults for  selection  No.  1,  which  show  simi- 
lar pause  durations  for  similar  note  ar- 
rangements on  the  two  parts  of  the  staff, 
are  consistent  with  the  generalization 
that  notational  compactness  and  pause 
duration  are  directly  related. 

The  difference  in  the  average  number 
of  notes  per  pause  for  the  treble  and  bass 
of  selection  No.  1  is  almost  as  great  as 
the  corresponding  difference  for  selec- 
tion No.  2,  but  there  is  much  more  re- 
reading for  selection  No.  1  than  for  the 
other  selections  (Table  5)  and  nearly  all 
of  the  rereading  occurs  on  the  treble  staff 
(Figure  1).  The  average  number  of  notes 
per  pause  for  the  treble  part  of  selection 
No.  1  is,  in  one  sense,  spuriously  reduced 
by  the  many  rereading  pauses. 

The  speed  of  music  reading,  for  the 
subjects  of  this  experiment,  is  more  close- 
ly related  to  the  durations  of  reading 
pauses  than  to  the  number  of  pauses. 
This  has  not  been  found  in  studies  of 
word  reading.  For  the  reading  of  words, 
Tinker  and  Frandsen  (40)  have  reported 
higher  correlations  between  the  number 
of  pauses  and  perception  time  than  be- 
tween pause  duration  and  perception 
time.  Perception  time  is  defined  as  the 
sum  of  the  pause  durations  and  is  not 
exactly  equivalent  to  total  reading  time. 
However,  perception  time  is  approxi- 
mately ninety-four  per  cent  of  the  total 
reading  time.  For  this  reason,  it  is  highly 
improbable  that  the  correlation  coeffi- 
cients reported  in  this  study  would  be 
changed  substantially  if  the  movement 
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time  of  the  eyes  were  subtracted  from  the 
total  reading  time. 

The  close  relation  between  tempo  and 
pause  duration  suggests  that  efforts  to  in- 
crease speed  of  reading  should  be  di- 
rected primarily  toward  a  reduction  of 
pause  durations.  To  do  this,  we  must 
understand  the  conditions  which  deter- 
mine the  durations  of  pauses.  The  influ- 
ence of  notational  compactness  has  been 
discussed.  A  further  analysis  of  the  effects 
of  different  degrees  of  complexity  of  note 
relations  is  suggested  by  the  results  for 
the  three  different  selections. 

The  lowest  pause  durations  recorded 
in  Table  3  are  those  for  the  bass  parts 
of  selections  No.  2  and  No.  3  (.28  and 
.32  sec).  The  bass  part  of  selection  No.  2 
consists  of  a  relatively  simple  melody 
progressing  by  regular  chord  intervals  or 
by  simple  scale  intervals  throughout  the 
eight  measures.  The  bass  part  of  selection 
No.  3  consists  of  a  single  note  in  four  of 
the  eight  measures  and  a  single  note  fol- 
lowed by  one  or  three  melody  notes  in 
the  other  four  measures.  Slightly  longer 
pauses  are  recorded  for  the  treble  and 
bass  parts  of  selection  No.  1  (.38  and  .35 
sec).  Each  of  the  two  parts  of  this  selec- 
tion is  composed  of  two  voice  parts  which 
progress,  almost  always,  simultaneously 
in  regular  chord  formation.  Still  longer 
pauses  are  recorded  for  the  treble  part  of 
selection  No.  2  (.44  sec).  The  treble  part 
of  this  selection  contains  a  melody  in 
eighth  notes  which  progresses  by  con- 
stantly varying  intervals  and  which  is 
read  with  a  parallel  melody  in  quarter 
notes  in  the  bass  part.  The  longest  pause 
durations  are  recorded  for  the  treble  part 
of  selection  No.  3  (.52  sec).  This  part 
consists  of  two,  three,  and  four  note 
chords  which  sometimes  contain  single 
notes  of  a  melody  which  progresses  alter- 
nately in  the  treble  and  bass  parts.  It  is 


obvious  that  the  melodic,  harmonic,  and 
dynamic  relations  of  the  notes  in  these 
different  parts  increase  in  complexity 
with  the  increase  in  the  durations  of  the 
pauses  used  in  reading  them. 

The  general  implication  of  this  analy- 
sis is  that  the  most  rapid  readers  are 
those  who  use  the  shortest  pauses.  And 
those  who  use  the  shortest  pauses  are  the 
readers  who  grasp  most  quickly  not  only 
the  familiar  harmonic  patterns  of  notes 
but  also  the  significant  melodic,  dynamic, 
and  rhythmic  relations  of  the  notes.  Fac- 
tors such  as  number  of  notes  per  pause, 
the  disposition  of  the  pauses,  the  eye- 
hand  span,  and  the  degree  of  manual 
skill,  probably  influence  the  rate  of  per- 
ceptual apprehension  of  note  relations  in 
important  ways. 

The  study  has  shown  that,  apart  from 
the  close  relation  between  reading  time 
and  pause  duration,  the  individuals  ob- 
tained different  ranks  for  the  several 
phases  of  reading  and  these  different 
phases  varied  diversely  in  the  reading  of 
the  different  kinds  of  material. 

The  "vertical"  and  the  "horizontal" 
forms  of  reading  may  not  seem  to  be  es- 
sentially different  when  the  "horizontal" 
form  is  used  with  only  two  successive 
pauses  on  one  part  of  the  staff.  In  the 
"vertical"  form,  the  subject  reads  from 
the  treble  to  the  bass  part  of  one  chord 
and  then  from  the  treble  to  the  bass  of 
the  next  chord.  In  the  "horizontal"  form, 
the  subject  reads  from  the  bass  to  the 
treble  part  of  one  chord  and  then  from 
the  treble  to  the  bass  of  the  next  chord. 
In  both  cases,  the  parts  of  one  chord  are 
read  before  the  next  chord  is  read  and 
chords  are  read  in  order  from  left  to 
right. 

However,  the  "horizontal"  form  has 
two  advantages  which  seem  especially  im- 
portant in  the  reading  of  contrapuntal 


OCULAR    BEHAVIOR    IN    MUSIC    READING 


27 


music.  The  distance  that  the  eyes  move 
in  going  from  one  group  of  notes  to  the 
next  on  one  half  of  the  staff  is  almost 
always  much  shorter  than  the  distance 
they  must  move  in  going  from  notes  on 
one  half  of  the  staff  to  notes  on  the  other 
half.  The  movements  of  the  eyes  in  read- 
ing are  always  rapid  jerks  and  short  jerks 
require  practically  the  same  amount  of 
time  as  long  jerks.  But  the  extent  and 
direction  of  each  jerk  is  determined  by 
the  peripheral  impressions  available  be- 
fore the  eyes  move  and  visual  acuity  de- 
creases rapidly  from  the  center  of  the 
visual  field  outward.  Advantageous  place- 
ment of  pauses  is  facilitated  by  using  the 
nearer  and  clearer  rather  than  the  farther 
and  vaguer  peripheral  cues.  Also,  where 
the  rhythmic  and  melodic  sequences  are 
different'  on  the  two  halves  of  the  staff, 
there  is  an  advantage  in  comprehending 
the  relations  of  at  least  two  note  groups 
of  one  part  before  attempting  to  grasp 
the  different  relations  of  the  notes  of  the 
other  part.  Of  course,  the  extent  of  hori- 
zontal reading  is  limited  by  the  necessity 
of  carrying  all  parts  forward  as  a  unified 
pattern  of  musical  tones. 

SUMMARY 

1.  This  is  an  exploratory  study  of 
music  reading.  The  aim  has  been  to  es- 
tablish certain  "landmarks"  which  may 
be  used  as  guides  for  further  experimen- 
tal studies.  The  first  part  of  the  study 
considers  relevant  research  and  the  spe- 
cial characteristics  of  musical  notation 
and  its  execution.  The  second  part  pre- 
sents the  method  and  results  of  an  analy- 
sis of  ocular  and  manual  behavior  in  the 
reading  of  three  different  musical  selec- 
tions. 

2.  The  average  perceptual  span  for 
musical  symbols  varies  between  three  and 
five  notes  for  different  kinds  of  note  ar- 


rangements. The  eye  moves  by  rapid 
jerks  between  successive  pauses.  And  it  is 
only  during  the  pauses  that  these  small 
segments  of  notes  may  be  apprehended. 

3.  The  reading  of  piano  music  requires 
an  exceedingly  complex  perceptual  proc- 
ess. Pitch,  temporal,  dynamic  and  har- 
monic relations  of  notes  must  be  per- 
ceived as  parts  of  rhythmic  and  melodic 
sequences  organized  as  phrases  having 
constant  or  varying  tonalities.  Numerous 
special  signs  indicate  the  phrasing  and 
style  of  playing. 

4.  Rhythmic  and  tempo  requirements 
of  music  reading  make  it  significantly  dif- 
ferent from  word  reading. 

5.  Notes  on  the  treble  and  bass  parts 
of  the  great  staff  are  usually  so  far  apart 
that  both  vertical  and  horizontal  move- 
ments of  the  eyes  must  be  used  in  pre- 
paring two  parallel  lines  of  material  for 
a  unified  performance.  Also,  the  sequence 
of  reading  pauses  may  vary  appropriate- 
ly with  variations  in  note  arrangements. 

6.  Music  teachers  agree  that  a  wide  eye- 
hand  span  is  necessary  for  successful  sight 
reading  but  their  estimates  of  a  desirable 
span  differ  greatly. 

7.  It  is  possible  to  measure  musical 
comprehension  by  determining  the  ac- 
curacy of  execution  of  the  rhythmic,  me- 
lodic, harmonic  and  dynamic  forms  sym- 
bolized by  the  notation. 

8.  Photographic  records  of  eye  move- 
ments and  keyboard  performances  of 
fifteen  trained  musicians  were  made  dur- 
ing sight-reading  of  short  musical  selec- 
tions at  a  giand  piano.  A  modification 
of  the  Dodge  method  of  photographing 
eye  movements  enabled  us  to  secure 
simultaneous  records  of  the  vertical  and 
horizontal  components  of  eye  movements. 
The  eye-movement  and  keyboard  records 
were  synchronized  to  make  possible  de- 
terminations of  the  eye-hand  span. 
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9.  The  three  musical  selections  read  by 
the  subjects  represented  "harmonic," 
"melodic,"  and  "accompanied-melody" 
types  of  tonal  arrangements.  No.  1  con- 
sisted of  eight  measures  of  a  hymn.  No. 
2  consisted  of  eight  measures  of  a  two- 
part  minuet  by  Bach.  No.  3  was  an  eight 
measure  excerpt  from  a  composition 
which  was  composed  of  a  single  melody 
with  supporting  chords. 

10.  The  average  number  of  notes  exe- 
cuted per  reading  pause  varied  between 
one  and  two.  The  group  averages  for  the 
three  selections  differed  only  slightly. 
Averages  for  the  treble  and  bass  parts  of 
the  selections  showed  that  the  spacing 
and  harmonic  grouping  of  notes  are  im- 
portant factors.  Accidentals  do  not  seem 
to  require  extra  reading  pauses. 

11.  The  average  durations  of  reading 
pauses  varied  between  .27  sec.  and  .53 
sec.  Average  pause  durations  for  selec- 
tions No.  1  (.36  sec.)  and  No.  2  (.37  sec.) 
were  reliably  shorter  than  the  average 
duration  for  No.  3  (.46  sec).  Pause  dura- 
tions for  the  treble  and  bass  parts  of  the 
selections  varied  with  the  complexity  of 
note  relations  represented. 

12.  The  correlation  of  reading  time 
and  pause  duration  was  distinctly  higher 
than  the  correlation  of  reading  time  and 
number  of  pauses. 

13.  Progress  along  the  musical  score 
is  accomplished  in  two  ways.  A  regular 
alternation  of  almost  vertical  movements 
of  the  eyes  from  one  half  of  the  staff  to 
the  other  half  and  frequent  horizontal 
movements  on  one  half  of  the  staff  with 
relatively  few  movements  between  the 
two  halves  of  the  staff  have  been  found. 
The  "horizontal"  form  of  progression 
was  used  most  frequently  in  reading  se- 
lection No.  1  and  the  "vertical"  form  in 
reading  selection  No.  2.  The  arrange- 
ment of  the  notes  in  selection  No.  3  re- 


quired horizontal  movements  at  some 
places  but  some  subjects  showed  a  much 
higher  frequency  of  vertical  movements 
than  other  subjects  in  reading  this  se- 
lection. 

14.  The  treble  parts  of  chords  were 
almost  always  read  before  the  correspond- 
ing bass  parts.  Notes  on  the  treble  staff 
were  usually  read  ahead  of  notes  on  the 
bass  staff  but,  in  reading  selections  No.  2 
and  No.  3,  some  of  the  subjects  read  the 
bass  staff  first  about  as  often  as  the  treble 
staff. 

15.  Rereading  involved  from  seven 
per  cent  to  twenty-three  per  cent  of  all 
pauses  used  in  reading  selection  No.  1. 
Rereading  pauses  occurred  twice  as  often 
for  selection  No.  1  as  for  selection  No. 
2  and  approximately  four  times  as  often 
as  for  selection  No.  3.  Over-lapping  of 
successive  areas  of  clear  vision  consti- 
tuted a  kind  of  rereading  often  found. 

16.  The  eye-hand  span  was  highly 
variable  and  never  exceeded  a  separation 
of  eight  successive  notes  or  chords  be- 
tween the  eye  and  hand.  The  average 
span  for  selection  No.  1  was  1.5  chords; 
for  selection  No.  2,  it  was  3.1  notes;  and 
for  selection  No.  3,  it  was  1.9  notes. 

17.  There  seems  to  be  no  basis  for 
distinguishing  types  of  readers.  Individ- 
uals performed  differently  in  reading 
different  selections  and  in  handling  the 
different  aspects  of  one  selection. 

18.  A  word  and  a  musical  note  on  the 
staff  are  equivalent  units  from  the  stand- 
point of  the  average  number  read  per 
pause. 

19.  Average  pause  durations  are  gen- 
erally longer  in  music  reading  than  in 
word  reading.  Determination  of  the  rela- 
tive influence  of  various  musical  factors 
upon  pause  duration  awaits  further  ex- 
perimental study. 

20.  The  "horizontal"  form  of  reading 
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enables  the  reader  to  use  the  most  dis-      sible  advantageous  placement  of  reading 
tinct   peripheral   cues.   This  makes   pos-      pauses. 
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II.  Memory  Span  and  Visual  Pauses  in 
Reading  Rhythms  and  Melodies 


KELVIN  VAN  NUYS  and  H.  E.  WEAVER 

Department   of  Psychology,  Oberlin   College 


INTRODUCTION 

The  three  major  aspects  of  a  musical 
composition,  rhythm,  melody  and 
harmony,  present  different  tasks  to  the 
musician.  The  reading  of  rhythmic  rela- 
tions requires  the  apprehension  of  the 
time  values  of  notes  and  the  fitting  to- 
gether of  these  values  within  the  regu- 
larly recurring  cycle  of  measure  accentua- 
tion. Melody  must  be  apprehended  by 
identifying  the  successive  positions  of 
notes  on  the  staff  in  relation  to  a  desig- 
nated tonality.  Harmony  requires  the 
recognition  of  related  patterns  of  notes 
or  chords.  Each  of  these  tasks  may  en- 
gender different  characteristics  in  the 
ocular  and  manual  phases  of  the  read- 
ing performance. 

As  part  of  a  program  for  the  experi- 
mental analysis  of  music  reading,  this 
study  is  concerned  with  the  influence 
upon  certain  measurable  aspects  of  ocu- 
lar and  manual  behavior  of  the  rhythmic 
and  melodic  factors  in  music.  The  dif- 
ferences between  rhythm  and  melody  in 
notational  representation  and  in  their 
requirements  for  perceptual  synthesis 
imply  variables  within  the  reading  pro- 
cess which  depend,  in  different  degrees, 
upon  these  two  aspects  of  music.  The 
variables  selected  for  special  examination 
in  this  study  are  the  immediate  memory 
span  and  the  durations  of  the  reading 
pauses  of  the  eyes. 

THE  PROBLEM 

An  earlier  study  of  music  reading  (7) 
has  shown  a  variation  of  the  durations 
of  the  pauses  of  the  eyes  with  the  degree 


of  complexity  of  the  relations  of  notes. 
Since  there  are  several  kinds  of  note  re- 
lations involved  in  music  reading,  it  is 
necessary  to  study  them  separately  or 
vary  them  independently  if  we  wish  to 
know  the  relative  significance  of  each 
kind  of  relation  within  the  complex 
whole.  Rhythmic  relations  and  pitch  re- 
lations are  basic  to  all  music  and  an  at- 
tempt is  made  in  this  study  to  determine 
their  relative  difficulty  and  the  way  in 
which  they  influence  the  durations  of 
reading  pauses. 

The  immediate  memory  span  has  been 
used  as  the  criterion  of  difficulty.  The  use 
of  this  criterion  enables  us  to  secure  evi- 
dence concerning  conditions  which  de- 
termine the  extent  of  the  eye-hand  span. 
The  size  of  this  span  depends  upon  the 
amount  of  material  that  can  be  visually 
explored,  perceptually  organized  and  re- 
tained until  executed  by  the  hands. 
Musicians  have  declared  frequently  that 
a  wide  span  is  a  requisite  of  good  sight 
reading.  But  the  influence  of  rhythmic 
and  melodic  note  relations  upon  the  size 
of  the  span  has  been  unknown.  We  have 
been  interested  in  determining  whether 
there  is  a  difference  between  the  span 
for  reading  rhythmic  relations  and  the 
span  for  reading  the  pitch  relations  of 
notes. 

It  is  necessary  to  recognize  that  the 
rhythmic  and  pitch  relations  of  music 
cannot  be  separated  completely.  A 
rhythm  must  be  executed  at  some  pitch 
level  and  a  measure  organization  or 
basic  rhythmic  cycle  is  an  indispensable 
part  of  every  musical  melody.  However, 
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rhythms  can   be  written   which  require 
no  reading  of  pitch  intervals  and  melo- 
dies  can   be  written   which   require   no 
reading  of  different  time  values. 

To  provide  a  basis  for  an  experimental 
study  of  combinations  of  rhythmic  and 
melodic  relations,  it  has  seemed  neces- 
sary to  determine,  first,  whether  these 
two  kinds  of  relations  differ  in  difficulty 
when  each  one  is  isolated  by  reducing 
the  other  to  an  unvarying  minimum  and 
whether  reading  them  in  isolated  form 
differs  appreciably  from  reading  them  to- 
gether. 

Stated  briefly,  our  specific  task  is  to  se- 
cure measurements  of  the  extent  of  the 
immediate  memory  span  and  of  the  dura- 
tions of  reading  pauses  of  the  eyes  for  the 
reading  of  isolated  and  combined 
rhythmic  and  melodic  (pitch)  relations 
of  notes. 

THE  READING  MATERIAL 

Three  kinds  of  reading  material  were 
used:  (1)  selections  in  which  only  the 
time  values  of  notes  varied,  (2)  selec- 
tions composed  of  different  pitch  inter- 
vals but  having  notes  of  only  one  time 
value,  and  (3)  selections  made  by  com- 
bining some  of  the  rhythmic  and 
melodic  patterns  of  the  first  and  second 
kinds  of  selections. 

There  were  twelve  notes  in  each  of 
eleven  different  phrases.  Three  of  the 
phrases  were  rhythms,  six  of  them  were 
melodies,  and  two  were  combinations. 
All  of  the  phrases  were  written  in  the 
key  of  C;  all  were  written  on  the  same 
kind  and  size  of  staff  paper;  and  none  of 
the  phrases  contained  accidentals  or  ex- 
pression marks.  Ten  of  the  eleven  phrases 
were  written  in  3/4  measure  and  the  dis- 
tance between  measure  bars  was  2  cm. 
One  of  the  melodies  was  written  in  6/8 
measure  and  the  measure  bars  were 
separated  by  a  distance  of  4  cm.  A  re- 


duced   reproduction    of    the    phrases    is 
given  in  Figure  1. 

The  phrases  were  not  graded  or  scaled 
in  any  precise  way  before  they  were  used. 
This  experiment  is,  in  part,  an  attempt 
to  provide  a  basis  for  determining  the 
relative  difficulty  of  different  kinds  of 
note  arrangements  commonly  found  in 
music.  For  this  reason,  some  of  the  fac- 
tors in  music  have  been  kept  constant 
in  the  phrases  employed  and  other  fac- 
tors have  been  varied  in  definite  ways. 

The  three  rhythmic  phrases  differed  in 
the  number  of  time  values  represented 
by  the  notes  and  in  the  arrangement  of 
the  rhythmic  units.  Rhythm  A  is  com- 
posed of  a  relatively  simple  pattern 
which  contains  only  three  note  values 
and  the  pattern  of  the  first  measure  is 
repeated  twice.  Rhythm  B  contains  four 
note  values  and  a  modified  repetition 
of  rhythmic  units.  Rhythm  C  has  notes 
which  represent  six  different  time  values 
and  there  is  no  repetition  of  units  in  this 
phrase. 

The  six  melodic  phrases  differ  in  size 
of  interval  and  grouping  of  notes. 
Melody  1  has  a  marked  grouping  of  notes 
and  a  scalewise  order  of  progression. 
Melody  2  is  very  similar  to  Melody  1 
but  the  grouping  of  the  notes  is  not 
accentuated  by  the  use  of  cross  bars. 
Melody  3  contains  similar  groups  of  notes 
in  successive  measures  and  the  intervals 
are  all  relatively  small.  Melody  4  is  com- 
posed of  small  intervals  in  irregular  ar- 
rangement. Melody  5  has  similar  note 
groups  in  the  first  two  and  last  two  meas- 
ures and  many  large  pitch  intervals. 
Melody  6  contains  an  irregular  progres- 
sion of  intervals  which  vary  in  size  from 
small  to  very  large. 

Phrases  A 2  and  C4  were  constructed 
by  combining  Rhythm  A  with  Melody  2 
and  Rhythm  C  with  Melody  4. 

Four  phrases  similar  to  Melodies  2,  3, 
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and  5  and  Rhythm  A  were  used  as  ex- 
amples. These  examples  prepared  the 
subject  for   the  reading  of  the   phrases 


eyes  and  hands  were  made.  The  appara- 
tus employed  in  making  these  records 
will  be  described  briefly  and  then  the  de- 
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Fig.   i.  A  reduced  reproduction  of  the  musical  phrases 
used  in  determining  the  immediate  memory  span. 


shown  in  Figure  i  which  were  read  im- 
mediately after  the  examples. 

APPARATUS  AND  PROCEDURE 

The  several  phrases  just  described  were 
read  and  played  at  the  piano,  and  photo- 
graphic records  of  the  activities  of  the 


tails  of  the  procedure  followed  in  pre- 
senting the  musical  phrases  and  making 
the  records  will  be  discussed. 

The  Dodge  method  of  making  photo- 
graphic records  of  the  pauses  and  move- 
ments of  the  eyes  was  used  (5).  Light 
from  a  point  source  was  reflected  from 
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the  cornea  of  the  reader's  eye  to  the 
lens  of  a  magnifying  camera.  While  a 
subject  was  reading,  this  light  was 
focused  on  35  mm.  film  which  was  run 
continuously  by  a  synchronous  motor  at 
the  rate  of  5.6  cm.  per  second. 

A  feature  of  the  particular  modifica- 
tion of  the  Dodge  technique  used  in  this 
experiment  which  should  be  noticed  is 
the  device  used  to  record  time  intervals. 
A  mercury  vapor  arc  lamp,   a  synchro- 


|H 


light  directed  upon  the  eye.  Illustrations 
of  the  records  of  the  pauses  and  move- 
ments of  the  eyes  are  given  in  Figure  2. 

By  using  a  lens  having  a  focal  length 
of  12  inches,  we  were  able  to  keep  all 
parts  of  the  camera  at  a  normal  reading 
distance  from  the  subject's  eyes. 

It  is  necessary  to  immobilize  the  head 
of  the  subject  while  photographic  records 
of  ocular  behavior  are  made.  This  was 
accomplished   by  making  for  each  sub- 


m 


m 


^ 


Fig.  3.  Record  of  keyboard  performance  with  recorded  musical  phrase  above  it. 
Broken  lines  mark  octaves  and  time  intervals  of  one-fifth  second. 


nous  timer,  and  a  narrow  slit  placed  ad- 
jacent to  the  film  were  used  to  make  time 
lines  across  the  film  at  right  angles  to 
the  direction  of  movement  and  at  the 
rate  of  fifty  per  second.  The  timer  was 
constructed  to  mark  nine  successive  in- 
tervals of  .02  sec.  each  and  then  one  in- 
terval of  .04  sec.  This  method  of  record- 
ing time  is  adequate  for  a  determination 
of  the  durations  of  reading  pauses  of  the 
eyes  (if  two  films  at  right  angles  to  each 
other  are  used,  the  durations  of  move- 
ments can  be  determined)  and  the  sub- 
ject is  not  disturbed  by  flickering  of  the 


ject  a  dental  wax  cast  of  the  upper  teeth 
on  a  thin  metal  plate.  The  metal  plate 
was  held  rigidly  in  place  by  an  adjust- 
able frame  which  was  built  out  from  the 
wall  behind  the  subject.  The  frame  did 
not  interfere  with  the  movements  of  the 
hands  and  arms  and  did  not  obstruct  the 
visual  field. 

The  execution  of  the  musical  phrases 
on  the  keyboard  was  recorded  by  a 
method  previously  described  by  Weaver 
(7).  Each  key  of  several  octaves  was  made 
to  serve  as  part  of  an  electric  switch. 
Depressing  a  key  closed  a  circuit  through 
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a  small  flashlight  bulb  located  in  an  ad- 
joining dark  room.  The  light  bulbs  con- 
nected with  the  keys  were  placed  in  a 
straight  row  and  at  the  end  of  each  group 
of  twelve  lights  (one  octave)  a  light  was 
inserted  to  provide  a  time  line  and  to 
facilitate  the  reading  of  the  records.  In- 
termittent flashes  of  light  at  the  rate  of 
five  per  second  were  secured  from  the 
time  lights  by  a  contact  attachment  on  a 
synchronous  motor.  A  camera  carrying 
a  continuously  moving  film  made  a 
photographic  record  of  the  keyboard 
performance.  An  example  of  the  key- 
board records  is  given  in  Figure  3. 

The  mechanism  used  to  control  the 
time  during  which  the  phrases  were  visi- 
ble to  the  subjects  and  to  record  that 
time  on  the  records  of  the  activities  of 
the  eyes  is  shown  in  Figure  4.  A  large 
screen  was  placed  in  front  of  the  camera. 
The  lens  of  the  camera  extended  a  short 
distance  through  the  circular  opening  X 
and  the  light  used  to  illuminate  the  eye 
was  projected  through  the  opening  Y.  On 
the  left  side  of  the  lens  (from  subject's 
viewpoint)  a  double  shutter  (ABC)  was 
pivoted  at  point  A.  This  shutter  was  op- 
erated by  means  of  two  electric  magnets, 
D  and  E,  and  a  timing  pendulum  F. 
When  the  switch  G  was  closed,  the 
pendulum  was  released  and  the  circuit 
GHD  was  completed.  The  magnet  D 
then  pulled  the  small  rod  /  from  under 
fork  B  allowing  it  to  drop  down  to  rod 
J.  When  the  pendulum  completed  its 
first  full  period,  the  switch  K  was  closed. 
The  pendulum  continued  to  swing  over 
to  position  F'  at  which  point  the  mer- 
cury switch  L  was  closed  and  the  cir- 
cuit through  magnet  E  was  completed. 
Rod  /  was  pulled  away  from  fork  B  and 
the  shutter  dropped  a  second  time  until 
fork  C  was  stopped  by  rod  /. 

The  musical  phrases  were  placed  be- 
hind fork  B  when  it  was  in  its  first  posi- 


tion as  shown  in  Figure  4.  The  phrases 
were  visible  to  the  subject  through  the 
opening  between  the  two  forks  only 
while  fork  B  rested  on  rod  /.  The  rod 
/  was  part  of  a  circuit  JMNO  through 
the  magnet  N.  This  magnet  and  the  lit- 
tle flag  P  which  it  operated  were  placed 
inside  the  camera  near  the  slit  Q.  Since 
the  magnet  was  activated  only  when  the 
shutter  rested  on  rod  J,  unbroken  time 
lines  indicate  when  a  musical  phrase  was 
visible.  (See  Figure  2.) 

An  exposure  time  of  2.8  sec.  was  used 
for  each  of  the  phrases.  Preliminary 
trials  with  different  exposure  times  in- 
dicated that  an  exposure  of  about  3  sec. 
was  just  long  enough  to  permit  some 
musicians  to  read  all  of  the  simplest 
phrases  and  was  not  too  short  to  permit 
them  to  read  a  substantial  part  of  the 
more  complex  phrases. 

We  used  a  minimum  reading  time  for 
two  reasons.  First,  we  wanted  to  be 
sure  that  the  number  and  durations  of 
pauses  were  not  spuriously  increased  by 
allowing  the  subjects  more  than  the 
necessary  amount  of  time  for  reading. 
Second,  we  wished  to  force  the  subjects 
to  extend  the  eye-hand  span  to  its  maxi- 
mum under  the  pressure  of  a  minimum 
time  limit. 

The  subjects  were  requested  to  read 
and  play  as  much  as  possible  of  each 
phrase  but  they  were  not  allowed  to  start 
playing  until  they  had  read  as  much  of 
each  phrase  as  the  exposure  time  woidd 
permit.  This  method  of  requiring  the 
subjects  to  read  for  a  limited  period  of 
time  before  starting  to  play  has  two  ad- 
vantages over  a  method  which  would 
allow  the  reader  to  read  and  play  simul- 
taneously. First,  difficulties  in  keeping 
the  head  still  while  the  activities  of  the 
eyes  are  photographed  are  reduced  to  a 
minimum.  Second,  the  task  of  reading  a 
whole  phrase  before  starting  to  play  is 


4o 


KELVIN    VAN    NUYS    AND    H.    E.    WEAVER 


a  real  challenge  to  the  reader.  The  pre- 
liminary examples  convince  him  that  it  is 
not  easily  done.  And  strong  motivation 
is  necessary  to  get  some  subjects  to  read 
more  than  a  cautions  distance  of  one  or 
two  notes  ahead  of  the  hands. 

Before  any  of  the  phrases  were  read, 
each  subject  spent  some  time  "trying 
out"  the  keyboard  while  in  place  before 
the  camera  and  with  the  head  supported. 
This  allowed  the  subject  to  become  some- 
what accustomed  to  the  unusual  condi- 
tions of  reading.  Then  the  subject  was 
told  that,  before  reading  each  of  the 
phrases,  he  should  look  sharply  at  each 
of  two  dots  placed  on  fork  B  of  the  shut- 
ter. These  dots  were  placed  on  the 
shutter  in  positions  that  corresponded  to 
the  beginning  and  end  of  each  phrase. 
(The  recorded  distance  between  the 
pauses  on  these  two  known  points  was 
used  in  translating  the  distances  between 
reading  pauses  on  the  records  into  the 
corresponding  distances  on  the  printed 
music.) 

The  following  instructions  were  given 
to  each  subject  before  he  tried  to  read 
any  of  the  phrases.  "The  music  consists 
of  short  phrases  two  or  four  measures  in 
length.  It  is  on  the  treble  staff  and  is 
to  be  played  with  the  right  hand.  When 
the  shutter  falls,  you  will  see  the  music 
for  only  a  short  time.  Read  as  far  as  you 
can  but  do  not  start  to  play  until  the 
shutter  falls  the  second  time.  Then  you 
will  immediately  play  as  much  as  you 
can  of  the  phrase.  You  will  not  have 
enough  time  to  memorize  the  phrase  by 
reading  all  or  part  of  it  repeatedly.  The 
phrases  are  short  and  you  should  not 
find  it  more  difficult  to  play  them  im- 
mediately after  reading  them  than  to 
read  as  far  ahead  of  your  hands  as  pos- 
sible in  ordinary  reading.  This  experi- 
ment will  show  how  far  you  can  read 
ahead  of  your  hands.  The  first  phrase 


you  will  read  is  a  preliminary  example. 
The  phrase  which  you  will  read  after 
it  will  have  the  same  key  signature,  the 
same  time  signature,  and  a  very  similar 
arrangement  of  notes." 

When  a  subject  had  been  seated  as 
comfortably  as  possible  at  the  piano  with 
the  head  supported,  the  camera  focused, 
and  the  instructions  given,  the  following 
routine  was  used  in  presenting  each 
phrase.  1.  The  subject's  right  hand  was 
placed  on  the  keyboard  in  position  to 
play  the  first  note  of  the  phrase.  2.  The 
subject  was  asked  to  look  directly  at  the 
left  dot  on  the  shutter.  3.  The  cameras 
were  started.  4.  The  subject  was  asked  to 
look  at  the  right  dot.  5.  Then  a  signal 
"go"  was  given,  the  shutter  dropped,  and 
the  subject  read  the  exposed  phrase  dur- 
ing a  period  of  2.8  seconds.  6.  The  eye- 
movement  camera  was  stopped  as  the 
second  drop  of  the  shutter  covered  the 
phrase;  the  subject  started  to  play  what 
had  just  been  read  and  was  allowed  to 
continue,  without  interruption,  as  far  as 
he  could  go. 

The  phrases  were  presented  in  the  fol- 
lowing order:  2,  3,  4,  5,  6,  A,  B,  C,  1, 
(interval)  A2,  C4.  Previous  experience 
had  suggested  that  pauses  for  rhythms 
might  be  longer  than  pauses  for  the 
melodies.  Therefore,  the  melodies  were 
presented  before  the  rhythms  so  that  the 
procedure  would  not  artificially  increase 
any  difference  that  was  found.  The  one 
exception  to  this  order,  Melody  1,  was 
placed  after  the  rhythms  because  of  its 
close  similarity  to  Melody  2.  The  two 
phrases  A2  and  C4  were  read  by  10 
of  the  subjects  30  or  more  days  after 
the  phrases  A,  C,  2,  and  4  were  read.  No 
change  in  the  procedure  was  made  for 
the  reading  of  these  phrases. 

During  the  month  between  the  read- 
ing of  the  first  and  second  group  of 
phrases,    a   preliminary   examination    of 
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our  records  had  shown  that  some  of  the 
subjects  were  making  several  regressive 
movements  during  the  reading  of  the 
phrases.  And,  in  reading  some  of  the 
melodies,  about  half  of  the  subjects  had 
glanced  back  to  the  beginnings  of  phrases 
to  make  two  or  three  pauses  just  before 
the  exposure  ended. 

Because  of  uncertainty  in  regard  to  the 
effects  of  this  rereading  upon  the  dura- 
tions of  reading  pauses,  5  additional 
phrases  were  prepared.  After  the  sub- 
jects had  read  phrases  A2  and  C4,  they 
were  asked  to  read  the  5  additional 
phrases,  one  change  having  been  made 
in  the  procedure.  Instead  of  playing  the 
phrases  only  after  the  end  of  the  ex- 
posure period,  the  subject  was  permitted 
to  start  playing  during  the  exposure 
period  and  was  allowed  to  continue  ad 
libitum. 

Two  of  the  new  phrases  were  very 
similar  to  melodies  3  and  5.  They  are 
identified  in  the  tabulation  of  results  as 
phrases  3'  and  5'  respectively.  Two  of  the 
phrases  were  similar  to  Rhythms  B  and 
C  and  are  identified  as  Rhythms  B'  and 
C.  The  fifth  phrase  was  a  combination 
of  rhythm  and  melody  and  is  identified 
as  A'3'  for  a  similar  reason.  Each  of 
these  phrases  was  made  one  measure 
longer  than  the  phrases  shown  in  Fig- 
ure 1. 

THE   SUBJECTS 

Tbe  twelve  men  who  acted  as  subjects 
in  this  experiment  had  met  the  require- 
ments in  academic  and  musical  training 
for  entrance  as  full  time  students  in  the 
Oberlin  Conservatory  of  Music.  We  did 
not  attempt  to  rate  them  either  in 
amount  or  quality  of  musical  training. 
The  amount  of  training  they  had  re- 
ceived at  Oberlin  varied  from  one  to  four 
years.  They  were  all  near  the  normal 
age    for   college    students.    We    did    not 


attempt  to  select  those  who  were  re- 
puted to  be  either  exceptionally  good 
or  poor  sight  readers.  All  but  two  or 
three  of  them  were  specializing  in  piano 
playing.  The  group  may  be  characterized 
as  consisting  of  above-average  amateur 
musicians. 

RESULTS 

All  of  the  results  for  the  first  eleven 
phrases  used  in  this  study  represent  a 
reading  performance  in  which  the  reader 
is  attempting  to  apprehend  and  organize 
four  measures  (12  notes)  of  relatively 
simple  material  ahead  of  manual  execu- 
tion. The  relative  difficulty  of  the  phrases 
is  shown  by  the  numbers  of  notes  cor- 
rectly executed.  Details  of  the  reading 
process  and  differences  in  performance 
corresponding  to  differences  in  difficulty 
are  shown  by  the  number  of  notes  of 
each  phrase  explored  visually,  the  num- 
bers of  regressive  and  rereading  pauses, 
the  durations  of  reading  pauses,  and  the 
number  of  notes  correctly  played  per 
pause. 

Notes  Correctly  Executed 

Table  1  shows  that  all  of  the  notes  in 
five  of  the  phrases  (A,  1,  2,  3,  and  A2) 
were  played  correctly  by  some  of  the  sub- 
jects; one  (A)  by  ten  of  the  12  subjects. 
Four  of  the  phrases  (4,  5,  6,  and  C4)  were 
so  difficult  that  the  average  number  of 
notes  played  correctly  is  less  than  half 
of  the  number  of  notes  in  the  phrases. 
The  more  complex  rhythms  (B  and  C) 
were  slightly  more  difficult  than  the 
simplest  melodies  (1,2,  and  3).  The  order 
of  difficulty,  from  least  to  most  difficult, 
is  A,  3,  A2,  1,  2,  B,  C,  4,  5,  6,  C4. 

Greatest  difficulty  was  encountered  by 
almost  all  of  the  subjects  in  the  phrases 
having  irregular  progressions  of  pitch  in- 
tervals. Even  Melody  4,  in  which  there 
was  no  interval  larger  than  a  fifth,  was 
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more  difficult  than  any  of  the  rhythms. 
When  the  combination  of  Melody  4  and 
Rhythm  C  was  read,  the  pitch  intervals 
were  executed  as  well  as  when  Melody  4 
was  read  alone.  But  the  rhythmic  values 
were  read  much  less  well  in  the  combina- 
tion than  alone. 

Notes  Explored  Visually 

The  locations  of  the  reading  pauses 
were  plotted  on  copies  of  the  phrases. 


subjects  were  able  to  play  correctly  al- 
most as  many  notes  as  they  explored  dur- 
ing the  exposure  period.  In  reading 
phrases  4,  5,  6,  and  C4,  the  subjects  usu- 
ally explored  approximately  one  meas- 
ure more  than  they  were  able  to  play  ac- 
curately. 

It  is  important  to  notice  that,  even 
for  phrases  showing  the  greatest  dif- 
ference between  the  number  of  notes 
explored    and    the    number    played    ac- 


Table  i 
Number  of  notes  played  correctly 


Subject 

Rhythms 

Melodies 

Rhythms 
A2 

and  Mel. 

c4 

A          B 

C 

1 

2 

3          4 

5 

6 

A            2 

C          4 

Br 

12          10 

9 

8 

11          3 

9 

5 

8            8 

2         5 

Be 

12            7 

6 

12 

7 

7         5 

4 

3 

12          12 

1           4 

Pe 

12            3 

9 

12 

1  2 

12          7 

4 

6 

9          12 

5          5 

Ro 

12           4 

8 

10 

1 1 

12         9 

4 

3 

9            6 

7          7 

Co 

12            8 

12 

6 

8          7 

6 

5 

10           6 

3          3 

Bo 

9 

6 

6 

8 

5         6 

5 

5 

9            6 

1          7 

Pr 

12            5 

8 

6 

4 

8-       4 

4 

6 

12            6 

5          5 

Wi 

12            5 

2 

5 

3 

10         7 

4 

6 

12            3 

3          5 

Po 

12            7 

4 

7 

3 

11          5 

6 

4 

12            3 

0          9 

Ga 

12            9 

6 

7 

9 

8         S 

5 

2 

9            9 

3          6 

Bs 

12          11 

8 

6 

12 

11          4 

9 

5 

Mu 

9          11 

8 

5 

11 

7          4 

3 

8 

Mean 

n-5       7-3 

6.7 

8.0 

7.8 

9-2     5.5 

5-3 

4.8 

10.2        7.1 

3-°     5-6 

When  the  position  of  each  pause  in  re- 
lation to  the  notes  had  been  plotted,  it 
was  possible  to  determine  the  amount  of 
each  phrase  that  had  been  explored  by 
the  reader  during  the  exposure  period. 
The  number  of  notes  explored  includes 
all  of  the  notes  before  and  one  note  be- 
yond the  reading  pause  located  farthest 
to  the  right  on  the  phrase. 

The  two  rows  of  figures  at  the  top  of 
Table  2  give  the  mean  number  of  notes 
explored  visually  and  the  standard  devi- 
ation for  each  phrase.  These  figures  are 
presented  for  comparison  with  the  figures 
of  Table  1.  The  differences  between  the 
number  of  notes  explored  and  the  num- 
ber played  accurately  show  that,  in  read- 
ing phrases  A,  B,  C,  2,  3,  and  A2,  the 


curately,  the  subjects  usually  explored 
less  than  three  full  measures  of  ma- 
terial. In  other  words,  they  did  not  first 
explore  all  four  measures  of  the  phrase 
and  find  that  they  could  not  execute  all 
the  notes  they  had  seen.  This  is  inter- 
preted as  meaning  that  the  subjects  were 
doing  the  kind  of  reading  that  is  neces- 
sary to  achieve  a  genuine  and  effective  ex- 
tension of  the  eye-hand  span  to  its  maxi- 
mum. 

Regressions  and  Rereading 

Our  maps  of  reading  pauses  show, 
also,  that  two  kinds  of  leftward  move- 
ments of  the  eyes  occurred  during  the 
subject's  attempts  to  organize  and  re- 
tain the  material.  The  pauses  listed  in 
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Table  2  under  the  heading  "Regressions" 
are  pauses  which  were  preceded  by  short 
backward  movements  of  the  eyes  such 
as  occur  in  word  reading.  The  pauses 
listed  under  "Repetitions"  were  preceded 
by  a  long  backward  sweep  of  the  eyes 
which  occurred  after  the  subject  had 
reached  the  farthest  point  to  the  right 
attained  in  reading  a  phrase. 

Regressions  were  used  by  about  half 
of  the  subjects  in  reading  each  of  the 


tant  index  of  reading  efficiency  (7).  An 
attempt  has  been  made,  in  this  study, 
to  determine  how  certain  specific  condi- 
tions influence  pause  durations. 

The  average  pause  durations  presented 
in  Table  3  are  the  averages  of  all  read- 
ing pauses  which  were  completed  within 
the  exposure  time.  Pauses  which  were 
interrupted  by  a  movement  of  the  shutter 
either  at  the  beginning  or  end  of  the 
period  were  not  included.  Also,  we  did 


Table  2 

Mean  number  of  notes  explored  by  the  eyes,  total  number  of  regressions, 

and  number  of  pauses  used  in  exploring  first  parts 

of  phrases  a  second  time 


Rhythms 
ABC 

1 

2 

Melodies 
3           4 

5 

6 

Rhythms 
and  Mel. 
A2      C4 

Mean  No.  Notes 
Explored  &  S.D. 

11. 6       8.7 
0.9       1.5 

8.2 
i-4 

10.  7 

1 .0 

9.9 
2  .0 

10.3       8.7 
1.3        1.2 

8.7 
1.9 

8-3 
i-5 

10.8     8.1 
i-5     i-7 

Regressions 
No.  Subjects 

9         10 
6           8 

9 
6 

22 
10 

14 

7 

9            9 

5            7 

6 
5 

5 
5 

8         8 
7         6 

Repetitions 
No.  Subjects 

6           4 
4            3 

4 

2 

9 
3 

12 
5 

15          i7 
6           8 

6 
4 

17 
8 

3          7 
2          3 

phrases.  Rhythm  B  and  Melody  1  are 
the  only  phrases  for  which  as  many  as 
8  and  10  of  the  subjects  used  regressions. 
For  those  subjects  who  used  regressions, 
the  average  number  employed  varies  be- 
tween 1  and  2. 

Repetitions  signify  uncertainty  or  the 
tenuous  nature  of  the  perceptual  pat- 
tern prepared  for  execution.  They  were 
used  more  frequently  in  reading  the 
melodies  than  in  reading  the  other 
phrases.  For  the  reading  of  the  rhythms 
and  the  combinations  of  rhythm  and 
melody,  the  total  number  of  repetitions 
is  small  and  the  number  of  subjects  who 
used  them  is  small  (2  to  4). 

Pause  Durations 

Reading  pauses  vary  in  duration  with 
differences  in  complexity  of  note  organi- 
zation and  pause  duration  is  an  impor- 


not  include  the  extremely  short  pauses 
made  by  some  of  the  subjects  in  finding 
the  beginning  of  a  phrase.  Any  long 
sweep  of  the  eyes  to  a  new  point  of  re- 
gard is  usually  accompanied  by  one  or 
more  corrective  movements.  The  pauses 
between  such  movements  are  ordinarily 
very  short  and  serve  merely  to  orient  the 
observer  in  relation  to  the  point  sought. 
In  our  records,  these  pauses  were  almost 
invariably  followed  by  leftward  move- 
ments and  were  clearly  not  pauses  em- 
ployed in  reading  the  notes. 

Table  3  shows  that  the  simplest  melo- 
dies required  shorter  average  pause  dura- 
tions than  the  simplest  rhythm.  There 
is  a  difference  of  approximately  20  per 
cent  between  the  pause  durations  of 
Melodies  1  and  3  and  Rhythm  A. 

In  general,  pause  durations  show  a 
tendency  to  be  longer  for  rhythms  than 
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Table  3 

Average  durations  of  reading  pauses 
(Time  unit  is  one  second) 


Subject 

Rhythms 

Melodies 

Rhythms 
and  Mel. 

A 

B 

C 

1 

2 

3              4 

5 

6 

<\2             C4 

Br 

•31 

43 

34 

23 

24          .27 

25 

37 

38          .30 

Be 

•30 

4i 

29 

•32 

25 

28          .25 

27 

29 

29 

36 

Pe 

•34 

32 

38 

.26 

32 

25          -22 

37 

36 

34 

39 

Ro 

•37 

25 

27 

.19 

20 

23          -27 

24 

22 

24 

21 

Co 

.  21 

28 

.  22 

29 

17          .26 

23 

25 

21 

23 

Bo 

•32 

27 

.26 

25 

23               -21 

25 

28 

3° 

28 

Pr 

•43 

.41 

30 

•3° 

3i 

26              .33 

32 

38 

4i 

45. 

Wi 

•25 

•25 

33 

■23 

23 

24          -23 

27 

27 

27 

23 

Po 

•33 

.29 

39 

•25 

27 

3°              -30 

25 

27 

27 

3° 

Ga 

•30 

■32 

37 

•30 

36 

28              .28 

45 

45 

35 

46 

Bs 

•33 

•36 

37 

.28 

36 

34          -35 

34 

29 

Mu 

.26 

•36 

43 

.  22 

3i 

3°          -35 

43 

36 

Mean 

•3i 

■33 

34 

.26 

28 

26          .28 

3i 

32 

3i             -32 

S.D. 

•OS 

.06 

OS 

•°3 

05 

04          .05 

07 

06 

06          .09 

for  melodies.  Durations  were  approxi- 
mately equal  only  when  the  melodies 
were  composed  of  irregular  patterns  of 
intervals  which  varied  in  size  from  very 
large  to  very  small. 

From  the  standpoint  of  reading 
efficiency,  a  difference  in  pause  duration 
must  be  considered  in  relation  to  the 
number  of  notes  read  correctly  per  pause. 
If  the  average  durations  are  directly  pro- 
portional to  the  average  number  of  notes 
correctly  read  per  pause,  the  same  read- 
ing time  is  required  when  long  or  short 


pauses  are  used  in  reading  a  specific  se- 
lection. 

Notes  per  Pause 

Table  4  gives  the  average  number  of 
notes  read  correctly  per  pause  for  the 
different  phrases.  (The  number  of  pauses 
for  each  phrase  includes  all  pauses  used 
in  calculating  the  average  pause  dura- 
tion plus  all  interrupted  pauses  having 
a  duration  of  .15  sec.  or  more  within  the 
exposure  period.)  This  table  shows  the 
same  average  number  of  notes  per  pause 


Table  4 
Average  number  of  notes  correctly  played  per  visual  pause 


Subject 

Rhythms 
ABC 

Melodies 
1          23456 

Rhvthms  and  Mel. 

A2                        C4 

A             2            C            4 

Br 
Be 
Pe 
Ro 
Co 
Bo 
Pr 
Wi 
Po 
Ga 
Bs 
Mu 

i-5          i-7          i-3 
1.3          1.0            .7 

i-5            -4          i-3 
1.7             -4            -8 
.9            -8 

i-5                            -7 

2.0  .7             .9 

1.1  .4            .2 
1.5             .8            .6 
1.3          1.1             .9 
1.5          1.6          1.1 

.9          1.6          1.3 

1 
1 

1 

5 
2      1 

7 
0 
6 
7 
4 
7 
8     1 

7      1 
4      1 

7  1.0 

6  .8 

5      11 

8  1.0 

7  -5 
7        -4 
4        .8 

3        -9 
3      12 
3        -9 
7      i-4 
2        .8 

4 
5 
6 

9 

7 
5 
5 
6 

5 
5 

5      1 
•5 

9 

4 
6 

4 
5 
5 
5 
4 
6 
8 
3 
5     1 

8 
3 
9 
2 

5 
5 
9 
6 

4 
3 
5 
1 

1.1          1.1 

i-3          i-3 
1.1          1.5 

.9            -6 
•  8            .5 
1.0            .7 
2.0          1.0 
i-5             -4 
i-5             -4 
i-3          i-3 

2 
2 

7 
5 
3 
1 
8 

3 

0          1 

5          1 

5 
6 

7 
5 
3 
8 
8 

5 
1 
0 

Mean 

1.4            .9            .9 

.8        .8        .9      .6        .6        .6 

1.2            .9          .4            .7 
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for  Rhythms  B  and  C  and  Melody  3. 
The  average  pause  durations  are:  .33 
sec.  (B),  .34  sec.  (C)  and  .26  sec.  (3). 
These  pause  durations  are  directly  com- 
parable because  they  represent  equal 
efficiency  in  reading.  The  critical  ratio 
for  the  difference  between  Rhythm  B 
and  Melody  3  in  average  pause  duration 
is  3.24  and,  for  the  difference  between 
Rhythm  C  and  Melody  3,  it  is  4.21. 
These  differences  are  statistically  sig- 
nificant and  they  represent  differences 
in  reading  time  of  27  and  30  per  cent 
respectively.  The  average  number  of 
notes  per  pause  is  much  smaller  for 
Melodies  4,  5,  and  6  than  it  is  for 
Rhythms  A,  B,  and  C.  But  the  differences 
in  pause  duration  between  these  melo- 
dies and  rhythms  are  small. 

When  the  same  number  of  notes  per 
pause  is  found  for  melodies  and  rhythms, 
the  average  pause  duration  is  longer  for 
the  rhythms  than  it  is  for  the  melodies. 
And,  when  similar  pause  durations  are 
found  for  melodies  and  rhythms,  the 
number  of  notes  per  pause  is  greater  for 
the  rhythms  than  it  is  for  the  melodies. 

Considering  the  results  for  the  phrases 
which  were  combinations  of  the  rhythms 
and  melodies,  we  find  that  the  simplest 
rhythm  and  ungrouped  melody  (A2)  were 
read  together  with  an  average  pause 
duration  that  was  not  longer  than  that 
required  for  the  rhythm  alone  and  with 
practically  no  decrease  in  the  number  of 
notes  per  pause.  When  the  combination 
of  Rhythm  C  and  Melody  4  was  read, 
the  average  pause  duration  was  6  per 
cent  below  that  used  in  reading  the 
rhythm  alone  and  14  per  cent  above  that 
used  in  reading  the  melody  alone.  Also, 
the  average  number  of  correct  notes  per 
pause  for  the  melody  was  slightly  larger 
than  it  was  for  the  melody  alone  but  for 
the  rhythm  it  was  less  than  half  of  what 
it  was  for  the  rhythm  alone. 


The  relatively  small  number  of  notes 
per  pause  for  these  simple  phrases  may- 
be attributed  to  two  conditions.  First,  in 
trying  to  organize  a  whole  phrase  in  ad- 
vance of  its  execution,  the  subjects  prob- 
ably used  more  "regressions"  and  "repeti- 
tions" than  they  would  have  used  other- 
wise. Second,  the  subjects  played  cor- 
rectly only  about  two-thirds  of  the  notes 
that  were  explored  by  the  eyes  in  read- 
ing phrases  4,  5,  6,  and  C4. 

Effects  of  Removing  Maximum  Span 
Requirement 

The  conditions  just  described  limit 
the  interpretation  of  the  results  presented 
above  to  a  consideration  of  maximum 
eye-hand  span.  By  changing  one  require- 
ment of  the  experimental  procedure,  it 
has  been  possible  to  secure  results  which 
permit  a  wider  interpretation  and  ap- 
plication. This  has  seemed  especially  de- 
sirable in  regard  to  the  durations  of 
reading  pauses. 

Table  5  gives  the  results  for  ten  sub- 
jects who  were  permitted  to  play  the 
notes  both  during  and  after  the  ex- 
posure period.  The  subjects  could  use 
any  convenient  eye-hand  span.  This  is, 
of  course,  the  way  in  which  music  is 
usually  read.  And  this  kind  of  reading, 
when  compared  with  the  kind  of  read- 
ing done  in  the  first  part  of  the  experi- 
ment, shows  a  larger  number  of  notes 
played  correctly,  a  larger  number  of  notes 
per  pause,  and  fewer  regressions  for  some 
of  the  phrases.  However,  the  results  for 
pause  duration  are  similar  for  the  two 
kinds  of  reading.  Reading  pause  dura- 
tions are  longer  for  the  rhythms  than  for 
the  melodies  and  the  difference  is  greater 
for  the  second  than  it  is  for  the  first  kind 
of  reading. 

The  increase  in  number  of  notes 
played  correctly,  when  the  subjects  read 
without  limitation  of  the  eye-hand  span, 
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was  greater  for  the  melodies  than  it  was 
for  the  rhythms.  If  we  use  the  number 
of  notes  accurately  played  as  the  criterion 
of  difficulty  in  this  case,  we  find  that 
the  two  melodies  were  easier  than  the 
rhythms.  And  the  melody  with  the  large 
pitch  intervals  does  not  require  a  longer 
average  pause  duration  than  the  simpler 
melody. 

The  results  for  phrase  A'3'  are  almost 
identical  with  the  results  for  maximum 


of  the  time,  the  subjects  may  have  carried 
their  visual  exploration  beyond  any  limit 
that  would  be  reached  in  ordinary  read- 
ing. Excessive  extension  of  the  span  may 
have  influenced  the  number  of  notes  ac- 
curately played. 

The  reports  of  experimental  studies 
of  memory  span  contain  some  evidence 
concerning  the  effect  of  the  amount  of 
material  presented  upon  the  size  of  the 
span.  Results  reported  by  Gates  (6)  show 


Mean  Duration 

S.D. 

Correct  Notes 

Notes  per  Pause 

Regressions 

No.  Subjects 


Table  5 

Data  for  phrases  read  and  played  without 
the  maximum  span  requirement 


Rhythms 
B'  C 


•36 

.08 

"•3 
i-4 

5 
4 


•38 
.06 

8.9 
1 .  2 
10 
6 


Melodies 
3'  5' 


.29 
.04 
14.  2 

i-5 

5 

4 


.29 

.07 
13-4 

i-3 

2 

1 


Rhythm  and  Mel. 
A'3' 


•31 
•05 
n. 6 

i-3 

9 

7 


span  reading  of  Rhythm  A  alone.  The 
expected  results  for  Rhythm  A'  alone 
have  not  been  significantly  changed  by 
the  removal  of  the  maximum  span  re- 
quirement and  the  addition  of  the  rela- 
tively simple  pitch  intervals  of  Melody 

3'- 

Discussion  of  Results 

Two  ways  in  which  the  memory  span, 
as  studied  in  this  experiment,  is  different 
from  the  eye-hand  span  of  unrestricted 
music  reading  should  be  noticed.  First,  in 
ordinary  music  reading  it  is  necessary 
not  only  to  retain  the  material  included 
within  the  eye-hand  span  but  also  to 
prepare  additional  material  at  the  same 
time.  Second,  we  have  used  phrases  which 
contained  more  notes  than  were  included 
in  the  memory  span  of  any  subject.  Al- 
though the  amount  of  material  before  the 
musician,  in  ordinary  reading,  exceeds 
the  immediate  memory  span  almost  all 


a  reduction  in  number  of  digits  repro- 
duced when  series  containing  more  than 
a  certain  optimum  number  are  presented. 
Gates  presented  the  digits  by  both  a 
visual  and  an  auditory  method  and  he 
reports  that  "The  average  reduction 
amounts  to  25.9  per  cent  with  the  visual 
method,  and  36.6  per  cent  with  the  audi- 
tory method  (6,  p.  396)."  This  statement 
is  qualified  in  the  following  way:  "The 
figures  show  that  the  distractions  offered 
by  too  long  series  either  are  not  effective 
for  all  individuals  or  are  not  effective 
for  some  individuals  at  all  times.  On  the 
average,  however,  77.1  per  cent  of  the 
individuals,  when  the  visual  method  is 
used,  and  84.5  per  cent  with  the  auditory 
method,  fall  below  their  span  when  the 
series  exposed  is  longer  than  the  span  (G, 

P-  398)." 

Caution  is  required  in  deriving  any 
comprehensive  generalization  from  the 
results    reported    by    Gates.    Binet    and 
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Henri  (2),  in  an  earlier  study,  and  Bal- 
ser  (1),  in  a  more  recent  study,  have 
reported  figures  which  show  that  the 
memory  span  for  words  is  greater  for  long 
than  for  short  lists.  (Of  course,  the  items 
correctly  reproduced  represent  a  decreas- 
ing per  cent  of  the  number  presented  as 
list  length  increases.)  Calhoon  (4)  has 
said  that  the  memory  span  for  discon- 
nected words  is  not  influenced  by  exces- 
sive list  length.  Although  the  averages  re- 
ported for  lists  of  12  words  are  all  larger 
than  the  averages  for  lists  of  10  words, 
his  figures  show  that  the  average  spans 
for  lists  of  6,  8,  10,  and  12  words  are 
only  slightly  different  from  the  average 
span  for  all  lists.  His  treatment  of  the 
data  may  tend  to  minimize  differences, 
but  he  believes  that  ".  .  .  there  is  a  span 
for  reproduction  of  disconnected  word 
lists  which  is  independent  of  the  num- 
ber of  words  presented  (4,  p.  73/)" 

In  a  recent  review  of  the  literature  on 
memory  span,  Blankenship  (3)  reports 
that  span  varies  with  the  kind  of  ma- 
terial presented,  the  manner  of  presenta- 
tion, the  attitude  of  the  subject,  the 
amount  of  practice,  and  other  conditions. 
This  is  further  warning  against  attempts 
to  use  the  results  obtained  in  studies  of 
other  kinds  of  material  as  a  basis  for 
estimating  the  effects  upon  memory  span 
of  the  amount  of  musical  material  pre- 
sented. 

Although  memory  span  is  influenced 
by  many  conditions,  these  studies  do  not 
lead  us  to  expect  that  the  visual  explora- 
tion of  several  notes  more  than  the  num- 
ber correctly  executed  has  had  more  than 
a  slight  influence  in  determining  the  size 
of  the  span.  The  average  number  of  notes 
explored  but  not  accurately  played  was 
less  than  three  for  8  of  the  1 1  phrases. 
And,  for  the  remaining  3  phrases,  it  was 
less  than  four.  The  differences  in  span 
found  in  this  study  are  related  to  dif- 


ferences in  note  arrangement.  All  of  the 
phrases  used  in  studying  span  contained 
12  notes  and  span  varied  with  size  of 
pitch  intervals  and  uniformity  of  pro- 
gression. 

Although  our  method  of  determining 
the  memory  span  differs  from  the  usual 
method  of  presenting  series  which  in- 
crease progressively  in  length  until  the 
subject's  maximum  is  reached,  we  be- 
lieve that  our  method  approximates  the 
conditions  of  normal  reading  more 
closely  than  the  usual  method.  Our  sub- 
jects sometimes  explored  more  notes  than 
could  be  retained,  but  it  seems  probable 
that  this  occurs  in  normal  reading.  And, 
whatever  effect  this  has  upon  our  results, 
the  differences  found  represent  differ- 
ences in  difficulty  under  conditions  which 
closely  resemble  normal  reading. 

Rhythm  A  was  distinctly  easier  than 
Rhythms  B  and  C.  The  average  span  for 
Rhythm  A  was  more  than  four  notes 
longer  than  the  average  spans  for 
Rhythms  B  and  C.  Melodies  1,  2,  and  3 
were  similarly  easier  than  Melodies  4, 
5,  and  6.  If  we  compare  the  easy -rhythm 
with  the  easy  melodies  and  the  more 
difficult  rhythms  with  the  more  difficult 
melodies,  we  find  the  rhythms  easier  than 
the  melodies  in  both  cases.  But  the  aver- 
age pause  duration  is  greater  for  rhythm 
than  for  melody.  Longer  pause  durations 
for  rhythms  than  for  melodies  were 
found,  also,  when  the  subjects  were  per- 
mitted to  disregard  span  and  to  try 
merely  to  play  all  of  the  notes  presented. 
And,  for  each  of  the  combinations  of 
rhythm  and  melody,  the  average  pause 
duration  was  greater  for  the  combina- 
tion than  for  the  melody  alone.  For  the 
combination  C4,  this  average  was  not 
as  large  as  it  was  for  the  rhythm  alone 
and  the  rhythm  was  not  nearly  as  well 
executed  in  the  combination  as  it  was 
alone. 


48 


KELVIN    VAN    NUYS    AND    H.    E.    WEAVER 


The  consistently  longer  pause  duration 
for  rhythm  than  for  melody  seems  to 
indicate  an  essential  difference  between 
the  two  kinds  of  material  in  manner  of 
reading.  A  comparison  of  the  results  for 
reading  with  and  without  the  maximum 
span  requirement  suggests  the  nature  of 
this  difference. 

For  maximum  span  reading  the  melo- 
dies were  more  difficult  than  the  rhythms. 
Release  from  the  maximum  span  require- 
ment enabled  the  subjects  to  increase  the 
number  of  notes  played  correctly  al- 
though the  exposure  time  for  the  ma- 
terial was  not  changed.  However,  the  in- 
crease was  so  much  greater  for  the 
melodies  than  for  the  rhythms  that  the 
melodies  became  easier  than  the  rhythms. 
When  the  reader  had  to  organize  and 
retain  a  sequence  of  pitch  intervals,  the 
reading  of  the  melodies  was  relatively 
difficult.  But  when  the  reader  was  not 
required  to  do  more  than  identify  pitch 
level  for  one  or  a  few  notes  ahead  of 
execution,  the  reading  of  the  melodies 
was  relatively  easy. 

The  reading  of  rhythm,  when  different 
time  values  are  involved,  always  demands 
the  organization  of  sequences  of  notes. 
All  of  the  rhythmic  beats  of  a  measure, 
whether  many  or  few,  must  fit  precisely 
between  successive  measure  accents.  This 
fitting  together  of  notes  requires  more 
time  and  a  more  comprehensive  grasp  of 
relations  than  is  necessary  in  apprehend- 
ing pitch  level  for  one  or  a  few  notes. 
When  the  reader  is  not  required  to  do 
maximum  span  reading  he  is  not  released 
from  the  task  of  organizing  varied 
rhythmic  beats  within  the  stable  limits 
of  the  fundamental  rhythmic  cycle. 

The  average  pause  durations  for 
rhythms  exceed  those  for  melodies  at 
different  levels  of  complexity.  Improve- 
ment in  ability  to  apprehend  rhythmic 


relations  appears  to  be  a  primary  req- 
uisite for  an  increase  in  rate  of  music 
reading.  Similarly,  a  primary  requisite 
for  an  increase  in  the  memory  span  is 
improvement  in  the  ability  to  apprehend 
melodic  sequences.  The  per  cent  of  visu- 
ally explored  notes  executed  correctly 
was  smaller  for  melodies  than  for 
rhythms;  the  amount  of  rereading  was 
greater  for  melodies  than  for  rhythms; 
and  the  maximum  span  requirements 
constituted  a  greater  restriction  for  the 
execution  of  melodies  than  for  rhythms. 

SUMMARY 

i.  The  reading  of  musical  rhythms 
and  melodies  has  been  studied  by  record- 
ing photographically  the  activities  of  the 
reader's  eyes  and  the  keyboard  execution 
of  musical  phrases.  One  group  of  1 2-note 
phrases,  written  on  the  treble  staff,  con- 
tained rhythmic  patterns  having  no  pitch 
changes,  melodic  patterns  having  notes 
of  only  one  time  value,  and  combinations 
of  these  rhythmic  and  melodic  patterns. 
After  the  subjects  had  had  preliminary 
experience  in  reading  before  the  camera, 
each  phrase  was  presented  for  a  period  of 
2.8  seconds.  During  this  time,  the  subject 
prepared  himself  to  execute  each  phrase 
as  completely  as  possible  immediately 
after  the  presentation.  Other  similarly 
constructed  phrases  were  presented  for 
the  same  time  but  the  subjects  were  per- 
mitted to  start  playing  them  during  the 
time  they  were  visible. 

2.  From  the  records  of  the  keyboard 
performance,  the  number  of  notes  cor- 
rectly executed  was  determined  for  each 
phrase.  From  the  records  of  ocular  be- 
havior, the  durations  of  reading  pauses, 
the  number  of  notes  visually  explored, 
and  the  number  of  backward  movements 
of  the  eyes  were  determined  for  each 
phrase.  From  both  kinds  of  records,  the 
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average  number  of  notes  correctly  ex- 
ecuted per  reading  pause  was  determined 
for  each  phrase. 

3.  The  memory  span  for  the  group 
(average  number  of  notes  executed  cor- 
rectly after  the  presentation  of  a  phrase) 
decreased  as  the  complexity  of  note  rela- 
tions increased  for  both  rhythm  and 
melody.  Considering  the  average  memory 
span  as  an  index  of  difficulty,  the  follow- 
ing order  of  difficulty  was  found,  (a)  The 
easiest  phrase  was  a  rhythm  composed  of 
a  simple  repeated  figure  involving  only 
three  different  note  values,  (b)  The  next 
more  difficult  phrases  were  melodies 
progressing  scalewise  or  by  symmetrically 
arranged  thirds,  (c)  More  difficult  than 
the  simplest  melodies  were  the  rhythms 
having  four  or  more  note  values  in  varied 
patterns,  (d)  The  most  difficult  phrases 
were  melodies  having  pitch  intervals  of 
a  fifth  or  larger  arranged  in  irregular 
progression. 

4.  The  memory  span  for  a  combina- 
tion of  a  simple  rhythm  and  melody  was 
only  slightly  smaller  than  the  span  for 
each  alone.  When  a  more  complex  com- 
bination of  rhythm  and  melody  was  read, 
the  span  for  the  melody  was  equal  to  its 
span  when  read  alone  but  the  span  for 
the  rhythm  was  less  than  half  as  large  as 
its  span  when  read  alone. 

5.  The  difference  between  the  number 
of  notes  explored  visually  during  the  ex- 
posure period  and  the  number  executed 
correctly  is  greater  for  the  three  most 
difficult  melodies  than  it  is  for  the 
rhythms.  Also,  the  number  of  notes  ex- 
plored visually  decreased  as  the  difficulty 
of  the  phrases  increased. 

6.  In  the  visual  exploration  of  the 
phrases,  backward  movements  of  the 
eyes  occurred  more  frequently  for  the 
melodies  than  for  the  rhythms. 

7.  Average  durations  of  reading  pauses 


of  the  eyes  increased  with  the  increase 
in  complexity  of  note  relations  for  both 
rhythms  and  melodies.  A  comparison  of 
average  pause  durations  for  rhythm  and 
melody  yields  the  following  generaliza- 
tions: (a)  When  the  average  number  of 
notes  correctly  executed  per  reading 
pause  is  equal  for  rhythm  and  melody, 
the  average  pause  duration  is  greater  for 
rhythm  than  for  melody,  (b)  When  the 
average  pause  duration  is  approximately 
equal  for  rhythm  and  melody,  the  average 
number  of  notes  correctly  executed  per 
pause  is  greater  for  rhythm  than  for 
melody. 

8.  When  combinations  of  rhythm  and 
melody  were  read,  the  average  pause 
durations  exceeded  the  average  durations 
for  the  melodies  alone  but  they  were  not 
greater  than  the  average  durations  for 
the  rhythms  alone. 

9.  When  rhythmic  and  melodic 
phrases  were  read  without  the  require- 
ment of  a  maximum  span  between  the 
eye  and  the  hand,  the  average  pause 
durations  for  the  rhythms  were  approxi- 
mately twenty-five  per  cent  longer  than 
the  average  pause  durations  for  melodies. 

10.  The  difference  between  the  num- 
ber of  notes  played  correctly  when  maxi- 
mum memory  span  was  required  and 
when  it  was  not  required  was  greater 
for  the  melodies  than  it  was  for  the 
rhythms.  This  means  that  the  reduction 
in  the  number  of  notes  correctly  ex- 
ecuted caused  by  the  necessity  of  appre- 
hending a  related  sequence  of  notes  in 
maximum  span  reading  was  greater  for 
melody  than  for  rhythm. 

11.  Melodic  factors  constitute  the 
limiting  conditions  for  memory  span 
whenever  the  melody  is  not  extremely 
simple.  An  increase  in  memory  span  de- 
pends largely  upon  improvement  in  abil- 
ity to  apprehend  pitch  patterns  as  stable 


no 
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melodic  segments  of  a  composition.  rhythm  is  not  extremely  simple.  And  this 

12.  Rhythmic    factors    constitute    the  implies  that  increase  in  rate  of  reading 

limiting  conditions  for  rate  of  reading  or  depends  upon  improvement  in  ability  to 

average    pause    duration    whenever    the  grasp  rhythmic  figures. 
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